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a
PREFACE

r

Biologica l Effects of Nonionizing Elec tromagnetic Radiation
is a publicat ion research ed and p repared by the Franklin
Insti tute Research Labora tories , Science Informat i on

I Services Department , under a contract with the U.S. Navy
and administered by the Office of Telecommunications Policy .

This d ig es t serves as a veh i cle through wh ich cu rre nt
documentat ion of research hi ghl i ghts on the biolog i cal
effects and heal th imp lica tions of nonion izing electro—

r magnetic radiation (microwave and radiofrequency radiation)
are comp iled , condensed , and d i sse m inated on a regu lar
basis. Biological Effects of Nonionizing Electromagnetic
Radiation is intended to be a highl y usefu’ current awareness
tool for scie ntists engaged in research or related activities.
The great number and divers i ty of relevant publications
make im perative the availabili ty of this service to persons

r whose work requires that they keep abreast of current
developments in the field.

Biologica l Effects of Nonionizing Electromagnetic Radiation
is published quarterly. The issues of Volume I , and future

• 
. 

. vol umes , w i l l  include materi als rece ived dur i ng the p reced i ng
three months. Each issue will include news items and

• announcements , a listing of meeting s and conferences ,
abstracts of currenL literature , and a dir ectory of cu rren t
research . Materials for wh i ch full text is not available
will be Included as summary abstracts.
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I
I ABBREVIAT IONS AND ACRONYMS

I 

,

A , amp - ampere(s) n - nano--
f F A - angstrom(s) NBS - National Bureau of Standards

BRH - Bureau of Radiolog i ca l Health N IH - Nation~ i Inst itutes of Health
C - cent ig rade NSF - Natio nal Scie nce Founda ti on

r cm - centimeter(s) NIOSH — Nationa l Institute for
cps - cycles per second Occupational Safety and Health
dB - decibel(s) NTIS - National Technica l Info rmation
EPA - Environmental Protection Agency Serv i ce
FDA — Food and Drug Administration Oe - oersted(s)1. g - gram(s) OSHA - Occupational Safety and Health
C — Gauss Administration

r GHz - gigahertz OTP - Office of Tel ecomunications
HEW - Health , Education , and We l fare Policy
hr - hour PHS - Public Health Service

* 
~~. Hz - hertz rad - radiation absorbed dose

IEEE — Institute of Electronic and R — roentgen(s)
Elec trica l Eng i neers rpm - revolutions per min i.~ e

IMP I - Internationa l Microwave Power sec - second(s)
Ins titute USAFSAM - U.S. Air Force School of

I ii - internationa l unit(s) Ae rospace Medicine
J - joule(s) USDA - U.S. Department of Agriculture
k - kilo-- UV - ultraviolet

— liter(s) V — volt(s)
m - meter(s) VA - Veterans Administration
m — m i l l i — —  W—watt(s)

H II - mega-- Wb -
mho - unit of measurement of WHO - World Health Organizat i on

conductivi ty wk - week(s)
mm - minute(s) wt - weig ht
mo - month(s) yr - year(s)

1’ - micro--

.1
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I
NEWS ITEMS

BRH DEVELOPS SAFETY STANDARDS uses of microwave diathermy , the performance of pres-
FOR DIATHERMY EQUIPMENT ent diathermy equipment , prospects for improving

tha t performance , and the requirements of the draft
standard. In a presentation on appl i cator perfor-

A study was conducted by the Bureau of Radiological mance, Or. Gideon Kantor of the Electroriagnetics
Health’ s Div ision of Electron ic Products to develop Branch indicated that a new app licator incorporating
a radiation safety performance standard for micro- a fla nge choke has been developed under contract as
wave diathermy equipment. The study was de~signed tO part of the Bureau ’s effort to demonstrate the feasi-
compare the performance of four comerciaily avail- b i lity of the app licator requirements. The new ap-
able app licators and severai direct-contact app l ica- piic.tor , he sa i d , could meet the draft requirement
tors at 2.45 GHz. The direct-contact units induded of less than 5 nWcm2 leakage at 5 cm wi th a i -cm
a square aperture horn , a circular waveguide , a air gap between the applicator and the phantom and
teflon slab-loaded rectangular wavegulde , and a cir- a net forward power of 100 W . This allayed some
cular aperture horn. Laboratory measurements were prior concern regarding the feasibility of meeting
made on phantoms of simulated human fat and muscle the leakage requirement with an applicator that would
tissue to determine the heating patterns induced by be sufficientl y simp le and light in weight for satis-
the different applicators. it was shown that direct- factory clinical use and that would not depend on
contact applicators prov ided more uniform heating phys i cal contact with the patient to limit the ieak-
than did spaced appiicators . Measurements also were age . Some clinicians have stated that Contact be-
made of the scattered radiation from spaced app ilca- tween the app licator and patient may be undesirableJ tors and the l eakage radiation from the direct— because of surface heating problems .
contact types . Elect ric fleid measurements showed that BR!! Bull. 11(7) : 1 977.
leakage radiation from the loaded rectangular wave-

f guide was less than 5 mW/cm2/iOO U of forward power,
whil e scattered radiation from a corenonly used loaded
spaced app licator ranged as hi gh as 30 nM/cm2/lOO U
of forward power , Leakage radiation from the circular PRIMATE RESTRAINT DEVICE FOR
aperture horn was almost neg lig ible , demonstrating MICROWAVE BIOLOGIC RESEARCH
that design techniques for minimizing unwanted radia-
tion from direct-contact applicators are available.

BR!! Bull. 11 (3) : 1977 Researchers at the Naval Aerospace Medical Research
Laboratory , Pensacola , Flor ida , have developed a
restraint chair for use with subhuma n primates in
microwave biolog ic studies. The Styrofoam chair is
essentially non-reflect i ve , caus i ng m inima l perturba-

BUREAU AND MICROWAV E DIATHERMY COMMUNITY tion of the field incident on the animal. The basic
AGREE ON DRAFT STANDARD design of the device is simple and adaptable to dif-

ferent experimental configurations .
rEEE Ti’ane. BiOmed. Fng . 2k(2)~ ZOl-2O~ ; 1977.Attendees at the March 24, 1 977, public meeting on

the clinical impl i cations of the Bureau of Radiologi-
cal Health ’s draft performance standard for microwave
diathermy products accepted the present draft , sug-
gesting only one major change that would restate the MINIATURE ELECTROMAGNETIC PROBE DEVELOPED
requirement concerning the heating ability of the Pot’ BIOEFFECTS RESEARCH
applicator . The modification , suggested by Dra .
Justu~ F . Lehmann and Arthur U. Guy of the University
of Washington , would change the requirement that die- A miniature electromagnetic probe system has been
thermy equipment be capable of del ivering a net for- developed by Bureau of Radiological He~ith engineers
ward power of at least 50 U to an appflcator . They to meet the needs of researchers investigating the
recoartended that the draft include requirements for biologic effects of electronic product emissions in
specific absorption rate (in units of watts per kilo- the frequency range of 0.2 to 12 GH2. The probe ’s
gram) in the simulated muscle ti~~ue of a test phan- accuracy , ~mell size , and fiber optic telemetry sys-
torn. The Bureau concurred , and the Eiectromagnetics tent makes it a valuable tool for laboratory measure-
Branch of the Division of Electronic Products pres- menu. Present probes are not appropriate because
•ritl y Ia study ing ways of I ncorporating such require- of their physical size or hard—wired readout. The
menu Into the draft and integr ating them with the system consists of a probe containing an array of
specified leakage limi t s. Once the standard has been three miniature orthogonal dipoles , 2.5 cm long ,
redrafted to incorporate the change suggested at the equipped with individua i detector diodes. The probe
meeting , it wil l  be published In the FEDERAL REGISTER is 30 cm long and has a cross-section of 3 x 5 ~ssn .
as a proposed rule. The Bureau-convened meeting was The detected voltage output of each dipole/diode is
attended by representatives of the phys i cal medicine converted to d i g it al form to drive li ght-emitting
and physical therapy professions , other government diodes whose output is transmitted via a fiber optic
agencies interested in physical medicine and rehab ii- cable to a di g i tal re~siver . The fiber optically-‘ itation , and manufacturers of microwave diathermy linked telemetry system provides protection from

$ equipment. The program included presentations by rediofreq uency interference and enhances accuracy by
Bureau s ta f f  members and Invited speakers on the blo- eliminating cable scatter . The Bureau haa used the
logic effects of microwave radiation , the medica l probe to study scattering and f i e l d  d i s tr i bu t ions
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near Plexiglas anima l holders during microwave bio- components and Is e s s e n t i a l l y  transparent to electro-
effects experiments. Field dis tributions and scatter magnet ic radiation. The complete system consists of
from animals and their restrainers also have been an electronics unit housing a di gita l read-out and
measured at different frequencies , and near fields power supp lies; an optics module to excite the probe;
with steep spatial gradients-a few centimeters away and the fiberoptic probe with liquid crystal sensor
from microwave diathermy applicators-have bean mapped , tip. The optics module , which exc i tes the probe , is
in many of these appl i cations , the small size and fabricated from a uminum to shield the unit from
maneuverabili ty of the probe plus its nonmetallic op— microwave radiation . I
tical data link al lowed the use of simple setups and Ramal- Inc. Arinowtcement
positioners whil e maintaining good system accuracy .
The probe also has been implanted in biologic media Jto measure electromagnetic field distribution within
simulated tissue irradia ted with microwaves . Dr. A.
Cheung of the Univer sity of Maryland assisted the BIOBEHAVIORAL EFFECTS OF MICROWAVES TO BE STUDIED
Bureau in the imp lantation studies . The sensitivity
of the present probe is sufficient to measure inter-
nal fields in finite biologic specimens Irradiated Drs. Om Gandhi , J. D’Andrea , and Cueller of the
under “nontherntal” plane-wave exposure conditions of University of Utah , Salt lake City, presented their
a few mi ll iw att s per square centimeter. In recent proposed work on “2450 *Iz Microwave Absorption in
tests performed under a Bureau grant by the Brain Large and Small Animals and its 8iobehavioral Ef
Research institute of the University of California at fects in Bird s and Reptiles ” at the conference ,
Los Angeles , similar probes have been used to measure 0l091~~2l Impact of M~crot~ vee from Propo eed Space
the internal field strength in the brain of a living Power Satellitee. The conference was held at NASA-
cat subjected to a plane-wave exposure of 1 tiM/cm2 Ames Research Center , Moffett Field , California on
at 450 *Iz. The probe system was developed by the February 23-25, 1977.
staff of the Electromagnet lcs Branch of the Division Utah Bioeng. Neweletter 4(4 )  : 1977.

of Electronic Products with the contract assistance
of Collin s Cotisnercial Telecommunications Division of
Rockwell international , Dallas , Texas . The original
fabrication of miniature electric field probes was
performed under Bureau contract at the Johns Hopkins
University Applied Physics Laboratory . The develop- ITEMS FROM THE COMMERCE BUSINESS DAILYment effort was p artially funded by the U.S. Naval
Medical Research and Development Coesnand .

BR!! Bull .  11(7) : 1977.

o ADDITIONAL RESEARCH ON THE NEUROPHYSIOI.OGICAL
MINICOMPUTER SUPPORTS MW RESEARCH AND BIOBEHAVIORAI. EFFECTS OP CW AND PULSED

MICROWAVES IN RODENTS AND OTHER LABORATORY
ANIMALS.

The Bureau of Radiol og ical Health is using miniconi-
puters to expand its research capabili ties and to
allow more efficient use of time and resources in the The Office of Nava l Research , Ar li nt on , Virg inia , has

administration of its radiation control programs . contracted with the Board of Regents of the Univer-

Each minicomputer Is dedicated to a specific app lica— sity of Washington , Seattle , for the above study .
tion , rang ing from the stud y of radiation phenomena (April Il , 19771
to the editing and formatting of text for public .-
tions . One minicomputer , interfaced with experimental
equipment , is supporting research on the possible
behaviora l effects of microwave radiation . in these -

t studies monkeys, which are being irradia ted with 
A STUDY OF THE BIOLOGICAL & ECOLOGICAL EFFECTS

OF ENERGY TRANSMISSION BY MICROWAVES.microwaves , are required to perform repeated tasks
and rewarded when they have performed correctly.
The system controls the experimental setup and The National Aeronautics and Space Administration ,monitors the response of the tot .eys. 

Ames Research Center , Noffet F ield , California , has.~RH Bull. 11 (2): 1977 contracted with Stanford Research Institute , Menlo
Park , C a l i f o rn i a , for the above study.
(Apr i l  13, 1977)

TBMPERATURE MEASURING SYSTEM II DEVELOPED

Ramel , Inc. of Sandy, Utah has deveiop .d and manu-
factured a temperature measuring system for use in
microwave research. The Id -I Temperature Measuring
System utilizes a liquid crystal sensor located at
the tip of a fiberopti cs bundle to measure tempera-
tur eC i n  l imIted ra nges. The p robe has no metallic )
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I
MEETINGS AND CONFERENCES

I
INTERNATIONAL IEEE/AP SYMPOSIUM 7 NON-PERTURB INC MI CRO PROBES FOR MEASUREMENT

r 
USNC/URSI MEETINO (RADIO SCIENCEIANTENNAS IN ELECTROMAGNETIC FIELDS. A. Priou , A.

ANDPROPAGATIOPI$ Deficis

NEAR ZONE MICROWAVE EXPOSURE OF A BIOLOGICAL.‘~a~e: June 20-24, 1977 SPHERE . K. Ai-Badwaihy, S. HafizL !~~~~~~
.. - :  Palo Alt o , Ca lifornia

sronaor : Inst. of Electrical & Electronics EFFECT OF SURFACE COOLING AND BLOOD FLOWEng i neers (AP, Int.); m t .  Union of ,ladio ON THE ELECTROMAGNETIC HEATING OF TISSUE.Science--US National Committee (USNC/URSI H. K r i t ikos , K. Foster , H. SchwanRequeste fo r  Inf orma tion: J. B. Damonte , 1716
I4iii man Avenue , Belmont , CA 94002 BOLUSING TECHNIQUE FOR BATCH MICROWAVE IR-

R A D I A T I O N  OF TUMORS IN THE FAR FIELD. A.
Cheung , 0. McCu lioch , J. Robinson , C. Samaras

SYMPOSIUM ON ELECTROMAGNETICURSI 
A SYSTEM FOR DEVELOP I NG MICROWAVE I NDUCEDWAVE THEORY
HYPERTHERMIA IN SMALL ANIMALS. R. Baker ,
V. Smi th , I. Kobe , T. Ph i l l ip s

P~~,i’: June 20—24 , 1977

~

];.‘c: Palo Al to , CA: Stanford Univ. - THE DESIGN AND PERFORMANCE OF A CiRCULARLY
.~:c’~.:~r: URS1 (US National Commit tee)-— POLARIZED DIRECT CONTACT APPLICATOR FOR
In ternational Union of Radio Science MICROWAVE DIATHERMY. G. Kantc’r , D. W i t t e r s ,
,?, - :u~’:~tp  fo r  Tnf ~ r~tn tf o t : : D r .  F. N. Tesche , J. Greiser
Science App l i ca t ions , Inc. , Box 277 , Berkeley ,
CA 94701

WORLD ELECTROTECHNICAL CONGRESS

J 1971 IEEE MTT INTERNATIONAL Date: June 21-25, 1977
MICROWAVE SYMPOE IUM place : Moscow , USSR

Sp onsox ’: WELC (Org . Committee ; int)

Date: June 2 1-23, 1977 RequeBte f o r  I n f oz~iiation: WELC :
PL~’oc : San Diego , California d o  Mitt for C E Indust r ies , Kai ln ina prospect ,
Spo naor: Inst. of E lec t r ica l  I Electr onics 19, Moscow , G 19, USSR
EngIneers (MIT )
Re 7uemts ~~~ Tnfoi at ior.: D. Rub in , Code 2330,
NFLC , San Diego , CA 92152

SECOND ELECTROMAGNETIC COMPATIBILITY
, - - ‘

~~e~~ Th~b 7ioqrtzphy of Papers Pre sented: SYMPOSIUM AND EXHIBIT

MICROWAVE THERMO GRAPHY AS A DIAGNOSTIC
fl TOOL FOR THE DETECTION OF CANCER. (invited) Date: June 28-30 , 1 977

Place: Montreux , SwitzerlandA. Barret t , P .  Mye rs  
S~onaor: Cony, of Nat i .  E lect r ica l  Eng ineering

HYPERTHERMIA DOSE DEFINITION . E. R. Ass n. of W. Europe (EUREL); Int. Union of Radio
Atk inson Science (URSI) ;  Inst. of E lec t r i ca l  and Electronict

EngIneers (EMC Gp) (m t.); Soc. of A u o  Engineers
SELECTIVE HEATING OF CUTANEOUS HUMAN TUMORS (AE-4) (USA); et al.
AT 27. 12 MHz . P . Antich , N. Tok lta , J. Kim , Requeete for Information: I. Dvorak , ETH Zen-
E. Hahn trum (HF), 8092 Zurich , Switzerland

HyPEATN EMMIA: HEALING AND HAZARD I N TUMOR Selected Bibliography of Papers ~~eeented:
BEARING RATS. H. Moroson , S. Stowe , N. BIOLOGICAL EFFEC TS OF HIGH INTENSITY , LOW
Schechter FREQUENCY ELECTROSTATIC FIELDS . H. B.

Graves
CHANGES I N TUMO R BLOOD F LOW PRODUCED BY
MICROWAVE-INOUCEO NYPERTHERMIA . C. Sutton , SOME SPECIAL APPL I CAT ION S OF MICROWAVEF . Carro l l  RADIOMETR Y OF BIOLOG I CAL SYSTEMS . J.

Bigu del BlancoFi INCREASE IN X-RAY SENSITIVITY OF CANCER
AFTER EXPOSURE TO 434 Mhz ELECTROMAGNETIC

PERCEPTIO N OF STATIC FIELDS BY LIVING OR—RADIATION. J .  M o l t , P. Keckle , A. Ne l son GANISMS AND TERATOGENIC EFFECTS OF MICRO-
WAVES. 0. d’*snbrosio , V. La MannaPRELIMiNAR Y IN-VIVO PROBE MEASUREMENTS OF

THE ELECTRI CAL PROP ERT I ES OF TUMORS IN
MICE. E. Burdette , J .  Sea l s , J. Toler , F. COMPATIBILIT Y OF WEAK MAGNETIC ELF FIELDS.
GaI n H. U. Ludwig
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BiO lo9ical E ffei u Nonionizsng F/er rrornaqiwti ’
MEETINGS AND CONFERENCES Radiation 1 (4) .  June 1971

EFFECT OF 60 Hz HIGH INT ENSITY ELECTRIC INTERNATIONAL CONFERENCE ON RADAR (RADAR 17)
FIELDS ON LIVING PLANTS. C. W. Mckee ,
D. P. Knieve l , D. T. Poznaniak , J .  W .
Bankoske Date : October 25—28 , 1 977

P i2oe :  London , United Kingdom

INFLUENC E ON IMPLANTED CARDIAC PACEMAKERS Sponsor: Inst. of Electrical Eng i neers (EIec-

BY ELECTRONIC SENSOR SWITCHES AND ELECTRO— 
tronics Div.) [UK] ; Inst. of Electrical I

STATIC DISCHARGES. II. J. Bisping , U. Irnich , 
Elec tronics Eng i neers (Aerospace Electron i cs

S. Schroer Soc ie t y ;  l In t . ] ;  Ins t .  of Electronics & Radio
Engineers

AN EMC STANDARD FOR MEDIC AL ELECTRONIC 
Requests for Infoz~nation: Conference Dept., ICE
or K M im e, Plessey Radar , Southleigh Park Mouse,D E V I C E S . It . J .  Hoff E as t l e ig h R d . ,  Havant , Hants P09 2PE , UK

INTERNATIONAL SYMPOSIUM ON MICROWAVE
DIAGNOSTICS OF SEMICONDUCTORS

INTERNATIONAL SYMPOSIUM ON BIOLOGICAL
Ju ly 1 3 - 1 5 ,  19 7 7  EFFECTS OFELECT ROMAG NETIC WAVES

PZ~~~: Porvoo , Finland : Haikko Manor
Sponsor : Technica l Research Ctr. of Finland- -
VTT (Semiconductor Lab); He l sin ki Univ. of
Technology (Electron. Physics Lab.) Finlan D~t~ October 30-November 4, 1 977
‘~~-j u,~ott’ f’r ?‘~

‘
~ — ‘ution: It. Paananen , VT Place : A i r l i e , Virginia

Sponsor: International Union of Radio Science
Commissions A and B

ELECTROMAGNETIC COMPATIBILITY SYMPOSIUM Requests f o r  I n f o r m ation: Professor Saul W .
Rosenthal , Cha i rman , Symposium Steer ing
Committee , Pol ytechnic Inst. of NY , Route 1 10 ,

.~&3f i .• J u l y 2 6 - 2 8 , 1977 Farmingda ie , NY 11735
Seat t le , WA: Washin gton Plaza

Dp.~n~wr’: Inst. of Electrica l I Electroni cs
Engineers (EMC)
•~~q ..s~e for I nf r—~c~ ion: B . L. Car ison , Jr . ,
Boe i ng Co. , Box 3029, Seattle , WA

ENGINEERING IN MEDICINE AND BIOLOGY
CONFERENCE

SEVENTH EUROPEAN MICROWAVE CONFERENCE
Da te : November 5-9, 1977

Datn: September 5-8 , 1 977 Place : Los Angeles , California
Place: Copenhagen , Denmark: Bei la Center Sponsor: A l l i ance for Engineering in Medicine
Spon8or: Dansk Ingeni orgoren ing and Biology
Req~ -m~s for T’:~~ r,,a tj on: Professor Preben Pi ~questa for r nf o r~’ia ~ ion : Mrs . P. I. Hom er ,
Gudmandsen , ConE . Cha i rman , Electronics Inst. Asst . Dir. & Conf. Coordinator , Alliance for
348 Technical Univ. of Denmark , DK--Z800 Lyngb y, Engineering in Medicine and Biology, Suite 1 350,
Denmark 5454 WIsconsin Ave. , Chevy Chase , MD 20015
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I
CURRENT RESEARCH

0120 MECHANISMS OF MICROWAVE INTERACT I ON WITH non-invas i ve means has been postulated theoret icall y,
HUMA N AUDITORY SYSTEMS . Li J. C.; Vu , such stimulation has yet to be demonstrated experi-

F. T. (Wayne State Univ. • Graduate Sch. , Cass & menta ll y. However, the selective stimulation of a
Antoinette Ayes., Detroit , Ml 48202). localized reg ion wi thin the body can be achieved by

imp lanting a very small diode at the des i red Site
The mechan ism of Interaction of pulsed micr owaves and then app ly ing a pulsed radiofrequency field by
with l iv i ng tissues will he investi gated theoretical- means of electrodes or a coi l on or near the sur face
l y and experimentally. The research wil l  involve of the body . This project has derived reasonab l y
analytic studies of the s t r e s s  and forces Induced complete theoretic descriptions of the two systems
by the incident microwave energy and opt ical  measure— on the basis of an idealized model in wh ich circular
ment of v bra tions in models of human and ani mal electrodes or the coi l are placed on the surface of
heads exposed to pulsed microwaves. Theoretic and a semi-Infinite homogeneous medium. The direc t
exper imental i nves t i gations of the frequency behav- curren t component of diode current is re la ted  to
ior of the induced vibr ations w i l l  be performed to the power input to the electrode pair or to the coi l

r isola te the precise mechanism involved in the audi- and to the geometry of the system. The two systems) tory phenomenon . The resul ts w i l l  eluc i date the are being evalua ted for the cardiac pacing of dogs .
quant itative effects of microwave energy on living The study wi l l  be extended to cover other stimula—
organisms and provide information needed to deter- tion applications . In addition , in put power-diode
mine human tolerance to microwave radiation , curren t relationshi ps for more complex mode ls w i l l
(8/76-7/77) be developed. (6/76-5/77)

Support ng A ye ncy :NSF , Div . Eng i neerin g. Supporting Agency:HEW . PHS , N I H , Na t I . Hear t Lung &
Blood Inst.

0121 HEART CONDUCTION DEFECTS . Beckett , S. D.
Branch , C . E .; Robertson , B. I. ; Sims , N. 0123 WESTERN CANCER STUDY GROW’. Block , J. 8.

H . (Auburn Univ . • Sch. Ve terinary Medicine , Auburn , (Los Angeles County Harbor General Hosp .,
AL 36830). 1000 U. Carson St., Torrance CA 905o9).

The e t i o l o g y ,  her i t a bI l i t y ,  d iagnos is , and prevent ion The i n f l uence  of heat on tumor uptake of a n t i c a n c e r
of sy ncopal at tacks and sudden dea th in a s pontaneous dru gs . ‘ be investig ated. For in ~~roc s t udies ,
anima l mode l are being s tud ied  and compared w ith c l i n i c a l  (surgical) material w i l l  be used; for ~n
sudden death in humans . The animal mode l consists Viva work , microwave heating of transplanted an i ma l
of ~ line of purebred dogs with a tendency towards tumors will be used . (9/75-7/77)
sync opal a t t a c k s  and sudden death.  Repeated episodes
of a t r a l asys to le  have been documented us ing contin- Support ing A ge ncy:HEW , PHS , NIH , NC I .
uous monotoring of the electrocardiogram. The fre-
quency of atrioventricular heart block was higher
for the purebred line than for mix ed breed dogs and 0124 REMOTE STIMULAT I ON BY RADIO-FREQUENCY
was associated with autonom ic activi ty. The major TRANSMISSION . Glenn , W. U .; Holcomb , W .
objectives of the project are to: (1) document the C.; Bouhuys, A .; Gee , J. B .; Cohen , L . S. (Yale Univ.,
syncopal attacks using mu ltichannel radiote lemetry Sch . Medicine , 333 Cedar St., Nesi Haven , CT 06510).
to define the etiology of the spontaneous attacks
and the s u s c e p t ib i l i t y  of indiv idua l dogs , (2) com- Clinical studies will continue on the selection of
pare the baroreflex a c t i v i t y  of the purebred line patients with chronic venti la tory insufficiency for
to mixed breed dogs . (3) compare the e f f ec t s  of diaphragm pacing. The evaluation of diap hragm pac~ngrapid pacing on overdrive suppression of the pure- 

~~ pa t ien ts  with centra l alveolar hypoven tilation
bred line compared to mixed breed dogs , and (4) eval- and quadrip leg la w i l l  be emphas i zed. A study wil l
uate the effec t of pharmacolog ic agents on the fre- be made of the causes of upper airway obstruction
quency of att -~c~ s . (5/76 10/76) in patients selected for diaphragm pac i ng and a

stud y of the loss of hypoxic drive In patients with
,upportin ri Agency /IEW , P145, NIH , N a tI . Heart Lung ventilatory insuffici ency requiring diaphragm pacing
& Blood Inst .  w i l l  be continued. The Influence of diap hragm pacing

~~ pulmonary hyper tension during sleep wi l l  be
s tud ied .  A reg is t r y  of a l l  pa t i en ts  w i t h  diaphragm

0122 MINIMALLY ’ I NVASIVE STIMULATION WITH IMPLANT- pacemakers w i l l  be maint ained. Experimental and
ED DIODE. Schuder , J. C.; Sto~ckIe , H .; clini cal eva l uation of phr enic nerve stimulation on

r -  Almond , C. H .; Step hens on , H . F . (Univ. Missouri , diaphragm function wi l l  also be evaluated both
Sch . Medicin e , 11228 Medical Science s . Columb ia , MO exper imental ly end clinically. Clinical app lication

I
l
l 6520 1) .  of a demand-type diap hragm pacemaker w i l l  be expanded.

In the anima l laboratory -i~n viva t e s t i n g  of a herme t-
E le c t r i c a l  s t imu la t I on  of bk- log ic t i s s u e  is current-  ic a l ly  sealed capsule for implant of radiofrequency
l~ used or unde r ac t ive consideration for use in the components wi l l  be started. The experimental appli-
treatment of a variety of clinical problems . While cation of a to ta l ly  implantab le diaphragm pacemaker
the po s s i b i l i t y  ol’ selective electrical stimulation in the study of severa l stimulating waveforms will
of a local ized region w i th in  the body by comp letel y be done . The prototype of a to ta l  imp lan table  pace-
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maker programmable from the exterior for human app li -  low frequency electrical fields from 10-2 ,000 Hz up
cation w i l l  be constructed. A quantitative stud y of to the point of current dens ities wh ich heat the
tissue perfusion by heat loss calorimetry w i l l  be solut i on do not affect the sodium potassium ATPase
expanded . (1/77-12/77) from brain , th~ func tion of mitochondria in ox id ativ e

phos phory lation , or the calciu m uptake from rat liver
Supp~ rt i n g  A gency :HEW , PH S , NIH Na tl . Heart Lung or from pig heart. ( 1 2 / 7 5 — 1 1 / 7 6 )
~. Blood I n s t .

Suppor ting Agency:U.S. Veterans Admin., Dep. Medici ne
& Surgery.

0 125 MOLECULAR MOTION AND ENERGY TRANSPORT IN
MOLECULAR AGGREGATES . Prasad , P . N. (S ta te

Un iv. New York , Graduate  Sch . ,  1 300 Eins ’~ood Ave., 
0127 ELECTROMAGNETIC RADIATION EFFECTS ON BRA IN

Buffalo , NY 14222), TdSSUE PERMEABILITY . Oscar , K,; Stokes ,
N. (U.S. Army , Mobi l i t y  Equi pment & Development

TF e process of energy transport through organic molec— Command , For t Belvo i r , VA 22060).
ular aggregate s which proceeds by the mo lecu la r
motions and electronic excitation in various ordered The functional relationship of microwave parameters
and disordered c r y s t a l l i n e  aggregates w i l l  be s tud ied , to changes in the pe rmeab i l i t y  of sma l l  inert polar
I~~e nature of e lec t ron -p honon i n te rac t i on , and the mo lecules in the blood-brain barrier of rats w i l l  be
application of these studies in establishin g the determined . Rats wi l l  be exposed to pulsed and con-
detailed nature of the energy transport w i l l  be tinu ouc wave microwave energy to assess the uptake
exam ined . The inv esti gations have both biolog ic of nondiff usible neutral polar Substances in certain
and technolog ic app lica tions . In a number of photo- areas of the brain. A quanti t ative , radioac t i ve
physical or photochemica l processes in biopol ymer s, iso tope method , which uses a highly diffusible sub-
the primary step is the trans p ort of the excitation . stance as an Internal standard , will  be emp loyed to
A d d i t i o n a l l y ,  a stud y of electron-phonon coup l ing measure the loss of a labeled tes t  substance to the
and molecular motional instabi l ity is important for brain tissue as a function of different microwave
t h ~ - technoloyy of efficien t energy transport and exposure parameters. (10/76-9/77)
superconductors . The research is divided into four
c a t e g o r i e s  on the basis of the technique (Rama n, Suppor t ing Agency :U .S .  Dep. Del’ . ,  Army .
e lec t ron ic , ex c i t e d  s t a t e  microwave resonance , and
therma l modu la t i on ) .  ( 10/ 76- 9 /77)

0128 BIOFLECTRIC PHENOMENA CONTRO LLING BONESupp orting A gency:NSF , Dlv . Ma te r i a l s  Res .
GROWTH Bassett, C. A.; Cho kshi , H. It .;

Paw luk , It. J. (Col imbi a Univ., Sch . Medic ine , 630 W .
168th St., N- York . NY 10032).

0126 THE EFFECTS OF NON-IONIZING ELECTROMAGNETIC
RADIATION ON SUBCELLULAR PREPARATIONS . Methods and mechanisms w i l l  be defined for control-

Straub , K. 0. (U.S. Veterans Adrnin . ~~~~~~~~~~ 300 F . ling osteogenesis us i ng inductively-coup led- pulsing

Rooseve l t  Rd. ,  L i t t l e  Rock , Ak 72206). elec tromagnetic fields , es tablished external to the
organism. Both in viva s tudies of f rac tu re heal ing

The effec ts of low frequency electric fields from in a rat femoral osteotomy model and ~n ‘i t ro stud-

10-20 ,000 Hz on both the sodium-potassium adenosine ies of collagen syn thesis and 55 Ca re lease by osteo-
tri phosphatase (ATPase) frocr guinea pig brai n and genlc cells w i l l  be used . Primary emphasis wil l  be

mi tochondria isolated from rat l i ve r  and p ig heart  on e labora t ing  those pulse characteristics , e.g.,

were studi ed . The mitochondri a der ived  from pig shape , w idth , amp l i tude  and repe t i t i on  rates , that
heart were subjected to current densitie s up to the have biologic si gni ficance duri ng bone formation

point of marked heating of the solution at 20-2 ,000 and repair . Attempts w i l l  be made to c’rre late the

H z .  During this time , calcium uptake was measured ra te and amount of 1’5Ca release by prelabe l ed cells

and ox i da t ive phosphorylation was monitored; there wi th increases in collagen synthesis by os teogenic

were no changes in the ab i l i t y  of heart mitochondria cells and with I ncreases In fracture heal ing , as
to take up calcium , nor w~ re there any decrements measured radio graph lca ll y,  histolog ically, and by

in oxidetive phosphorylat ion unt i l  heating occurred , mechanical testing. (2/76-1/77)
,~b i ch was at current densities we ll above I mA/cm~~.
Low frequency magnetic field effect s on the- active Supporting Agency:HEW , P145 , N I H , NIAM DD.

transport of frog skin were examined at 10-2 ,000 Hz
and field strengths up tn 100 C peak to peak . The
isola ted frog skin had a variable but persistent in- 0129 NAVY ENV I RONMENT : EFFECT OF RF AND MICRO-
crease in short circuit Current and potential i mrnedl- WAVE RADIATION ON NERVOUS SYSTEMS . Taka-
ate ly after t~ - - application of these fields w i t h  the shima , S. ; Krit i kos , H. N . (Univ. Pennsy l vania . Sch .
.
~.i~ imu m effect being observed bci~ w 100 Hz. No ex- Ele ctrical Engineering, 203 Logan Hall , Philadelp hia ,
pianation can be given for the lack of field effects PA 19104).
a t 7 Hz at 28 kG. Furthe r studie s are underway to
de Hneate  the magnetic field effect on frog skin and Controversy surrounds the likel Ihood of significant
to exten d these measu r~ r-rot s to sodium potassium disturbances to humans resulting from the Interaction
ATP.ise in ~i ’ r~~. I t ca n be concluded , however , that of low-leve l electromagnetic (EM) fields with the
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nervous ss- - -~~ent . Al though it appears that EM fields for centr al nervous system p las ti c i t y ,  the credibH-
- do not alter t-~e activit y of sing le axons , i t is it y of Soviet data wi l l  be tested and a reliable

t,~~r thw hi l e to determine which segment , or process , his tolog ic techni que deve lo ped to comp lement future
of the nerv us system Is susceptible to EM field neurolog ic s tudy . EI gh ty adult male rats (40 expe r-
in teractions . The ob jec t  of th is  research is to  imental , 40 cont ro l )  w i l l  undergo 2-hr  d a i l y expo —
study the  activities of relativel y sim p le nervous sures to 10 cm pulsed microwaves at  a powe r d e n s i t y
syste m s in the presence and absence of EM fields , of 10 mW/cm2 for a period of 3 ~‘.  At tempt s  w i l l  be
Te e f i r s t , and most c r i t i c a l , aspect of t h i s  work made to assess rTx) rphologic e f f ec t s  descr ibed as hay-
w i l l  L -  the characterization and quantification of ing an early onset as well as the progressive , ye t
the powe r absorbed by nerve tissue in the exposure reversible effects described by the Soviets. Basala r
chamber. Using the stel late ganqi ion of the squid , and ap ica l dendri tic processes of pyramida l c e l l s
elec trical transmission of alternating current and located in discrete areas of sensory-motor cortex
d irect current fields across neuromuscular junctions wi l l  be examlned at various depths uti lizing accepted
w I l l  he studied . The effect of chronic exposure with rap id Gol g i procedures . Quantitative spine counting
weak f i e l d s on neuromuscular a ctivities w i l l  also be on 48 (24 experImental , 24 control) animals u t i l i z ~
stud i ed . A ver-~ simp le sys tem or response w i l l  be Ing l igh t microsco p ic technique w i l l  enable the clas-
stud i~o1 f r s t fol lowed by more complex systems until si fication of type of dendrit l c process and area f
the ~~--i -”c -’t  of the nervous systems that is particu - tissue involved . Histologic procedure and sp ine
la r l y sus cep t ible t ,  EM fields is f o u nd .  The synap— density counting w i l l  be performed by the Dept. of
ti c and neuromuscular junctions w i l l  be studied pri- Ana l -my , U .C.L .A.; Nava l Medica l Research Institute .
man l y . ~~~‘76- -~’77) Detachment Laboratory (Dahi gren , Va .) wil l  be re-

sponsible for research desi gn , irradiation (includ—
S i p n - r t m n g  Aqency:U.S. Dep . Del ’ ., Navy. iog field mapp i ng, dosi metry, etc.), t issue pre para-

Lion for shi pment , as well as interpretation , anal y-
s i s , and reporting of data , (10/76-9/77)

0130 RENAL CR YOPRESERVAT I ON . L i li ehe l , It . C .; Supporting Agency :U.S . Dep. Def., Nav y.
Kubo ta , S., Gr aham , E . F.; Crabo , B. C.

f Shatney . C. H. (Univ. Minnesota , Sch . N1 °dicine ,
1 305 Mayo , Mi nneapolis , MN 55455) .

0132 NAVY ENVIRONMENT : THE NATURE OF ELECTRO
A si gnificant problem in freezing organs is the need MAGNETIC FIELD INTERACTION WITH BIOLOG ICAL

a subs titute for cryo-prec i p it a ted p lasma , whic h SYSTEM FUNCTION. Frey , A . H . (Randomline Incorpor—
is used pre- and post-freezing. Various co llo id solu- a ted , Huntingd on Valley, PA 19006) .
tions w i l l  be substituted for the p lasma , and weight
gain of t he kidney compared with that us i ng the The effects of exposure to low power , mod u la ted , a d
p lasma . Lactate dehydrogenase (LDN) and g lutamic continuous wave microwave energy on nerve cells is
oxaloacetic tran samsi nase (GOT) levels in the venous be i ng studied u t i l i z i n g  a preparat ion of the ventral
effluent are already used to assay in -‘ it io renal nerve cord of the crayfish. Exposure w i l l  be in an
damage following freeze- thawing. A similar study anecholc chamber , and the dye chosen w i l l  allow for
wi l l  correlate electro l y te changes as a measure of detection of active and passive parameters. lkele-
renal damage . While microwave thawing is the onl y van t information is expected on critica l aspects of
way to achieve quick thawing, microwaves may intrin - elec tromagnetic energy in ind uci ng neu ral  e f fec t s
s i c a l l y damage the kidney. Electronmicroscop y w i l l  and the thresholds for such direct neura l effects.
be used to  assess such damage at various power out- Additionally, hologra phy w i l l  he used to determine
puts and frequencies when kidneys are thawed from if the radiofrequency hear ing  phenomenon is caused
75CC. Observations on using increasing con ’- ,tra- by vibration of the skul l or other head and ear
tio ”s of cryopr otect ive agents during freezing and structures. (10/76—9/77)
decr easing concentrations durin g thawing w i l l  con-
tinue . (1/16-12176) Supporting Agency :U.S. Dep. Del’., Navy .

Supporting Agenc y :HEW , PH S , NI /I , N IAM D D.

0133 LABORATORY AND FIELD EVALUATIONS OF HEAT
ENERGY TO CONTROL STORED-PRODUCT INSECTS .

0)31 A STUDY QF DENDRITIC SPINE MORPHOLOGY IN Kirkpa trick , It . L. (U.S. Dept. A griculture , Stored
PAT BRAIN FOLLOWING CHRONIC EXPOSURE TO Products Insects Res , & Development Lab., 3401 Edw in

LOW INTENSITY MICROWAVE RADIATION. Manthe i , It . C .; Ave., Savan nah , GA 31405) .
S., Glase r , Z.  It. (U.S. Navy , Su r face  Weap o ns Center ,

Dahl gre n , VA 22448). The objective of thi s projec t Is to develop rapid
si mple and practica l techni ques in the laboratory

Eastern  European s t u d i e s  suggest  t h - m t  r e v e r s i bl e  and to adapt these method s for f i e l d  eva l uations
changes occur In the proliferation and/or the numbe r using temperature , i n c l ud i n g  infrared and microwave
of ‘~yrma p t i c sp in e’ associated with the ap ica l den— radia tion , to con t rol stored-product i nsects infest—
dr i tes of rat cortical pyramida l  ce l l s  fo l low ing  In g grain or other Stored corman odities. Research
ch ronic electromagnetic radiation (FMR) exposure to data obtained from these l aboratory and fie ld tests
between I and 10 mW/cm 2 of pulsed and con tinuous 10 w i l l  be used to develop a practica l and Inexpensive
ems aav- - s .  As such a phenomenon ha’ broad Impl i cat i on commercial unit to control stored-product insects.
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The laboratory  t e s t s  w i l l  determine the repellency, are to be collected ; and (3) the unit Is encapsulated
a t t r a ct a n cy , e f fec t  on l i f e  h i s t o r y , behaviora l  re- In a s i l i cone resin for mechanIcal strength. (10/76-
sponses , and dosage-mor tality relationship of stored- 9/77)
produc t insects exposed to Infrared , microwave radia-
tion and ‘ t h e n  type s of heat energy. Thus far , larvae Suppor ting Agency :South Dakota State Government
- f the pecan weevil , :(r ’:~~jo ‘:m ’~ a- (Horn) , have
survived temperatures of 5C but could not survive
war” air temperatures of 43C for 24 hr. No changes ot~s ABSORPI1ON OF RA DO FREQUENCY POWER BY
In q ual ’t-y , taste , or li pid content of pecans oc- BIOLOGICAL PHANTOMS . Lagrone , A. H.;
curred after treatment or dur i ng a 5-mo storage at Hur t , W. 0. (U niv. Texas , Sch, Eng ineerin g, 200 W .
2 C.  A d u l t  m m s , r t a l i t i e s  of 99t or more were ob ta ined  21 s t  S t . ,  Aus t i n , TX 78712) .
by trea ting bulk quantities of wheat with an infrared
heater to,ob tain grain at a temperature of 48c. The Analytic solutions for power absorbed by spheroida l
nvn at-, rm - I nsects were controlled at this temperature and ellipsoidal mo d cis of mar’ and an ima ls  in the

If the wheat r e t a i n e d at  leas t  38C for 24 hr a f t e r  frequency range where the ~a v m - i e n g t h  is long compared
tr eat r~ent. (10/76-9/77) to the length of the phantom (up to approx imate l y

30 MHz for man-sized models)  were determined u s i r r i
Supporting Agency:U .S. Dep. Agriculture , A g r i c u l tu ral per turbation techniques . The extended boundary con-
Res. Service , Geor gia-South Carolina Area . di t lo n me thod is a numeric technique that extend s

these calcu lations of ab’orbed power up to approxi-
ma tel y 80 MHz for man-sized spheroidal models in the

0 ~~
. TO DESIGN AND STUDY THE EFFECTS OF BIOMED- E-or ientation and beyond for other orientations.

ICAL SYSTEMS ON ANIMAL S . Oracy , A. E .; Compa r i so n s of ca l cu l a ted va lues of power a bsorbed
Sander , 0. C.; Bush , L. F . (South Dakota State  U n i v . ,  by sal in e - f i l l e d  spheroidal phantoms at frequenc ies
Agricul tural Exper i-i ent Station , Brook ln g s , SD 57006). from 10 to 50 MHz were made with measured values.

(7/7 5-6/76)
The threefold objectives of this study are: (I) to
le - - , g r m  and test the validity of a volume conduction Supporting Agency :Uriiv. Texas.
~ -.,ter’ 1~~r m easuring body temperature continuously,
2: ~~ st udy the effects of microwaves for parti al

and complete sterilization of farm animals , and (3) 0136 ELECTROMAGNETIC RADIATION AND BIOL OGICAL
to ~.es ign and test a unit that w i l l  have an excit- SYSTEMS . Baw i n , S. N ,; Adey, W . It .; Medic i ,
ing effect on rats and mice . The latter w i l l  also It. C.; Sagan , P. N.; Sheppard , A . (Univ. California.
:m. ~ned for rodent control. The stated approach is Sch , MedIcine , 405 Hil gard Ave ., Lo~ Angeles , CA
to u se the c i r c u i t r y  b u i l t  durIng the school year 90024).
a’~ improve on the wat er  s t a b i l i t y  problems as they
a’’ec,t the operation of the circuit , to imp la nt and The study of interact ion between weak electric

- temperatures of the interna l organs of the fields (extremely low frequency and radiofrequency)
an’ - ,.’ , to build a microwave cavity and obtain equip- and calciu m ion binding in the cen t ral nervous s y s t e m
-e’ to ir radiate safe l y the testicles of a sheep, w i l l  be continued and w i l l  serve as reference (fre-
and to irradiate the subjects and test the amount of quency and amplitude thresholds , siz e and di rection
s t e r i l i ty as a f unction of radiation power and t i m e  of field effect) for experiments involving amino
o~ exposure . In add ition , i nvesti gators w H l  design acids and pu tative neurotransm itters , Chick and

• and b u i ld a power supply from existing sources and cat isolated cerebral tissues w i l l  be compared in
test the effectiveness of the sound source on the their response to field stimulation. n :‘ ‘ t ’ ’ eXper”
e- a- :ica t ion of rats and mi ce ,. In January of 1975, i ments on cat cortex w i l l  attemp t to determIne if
t e e  Federal Commun ications Commission (FCC) desi g— live tissue responds to a field stimulus that affects $
nated t’ e resea rch teleme tr y bands to be 40.66- isolated samp les. Tissue dosime try studi es w i l l  be
~, 70 ‘~bi and 216-220 MHz. In anticipation of this done in collaboration with the BRH. Pre l im ina ry  meas—
change and in order to upqrade the existing imp lan t- uremen ts of field inten s ity I n  ca t cor tex , made wi th
a ci e elect rocardiogram (CIG )  telemetry systems pre- a minia ture E field probe , w i l l  be repeated .- A n at-

~5I y deve ’oped at South Dakota State Un i versity, tempt to correlate tissue gradient and neurochemical
a ‘-a tel em etey system was des i ir , e’i . This system response w I l l  be made. Detailed fIeld mapp ing awa i t s
U t ’ i tS’, an ampl t-i de modulated ca rrier at 40.67 MHz. development of an imp lan table probe . Recent develop-
Tb,- carr :er Is pu lse f reguency modulated by a pulse ments in theoretic physics w i l l  be applied in modeling
gererator who5,- fre quency Is dependent on the magni- nonlinear responses of the central nervous system to
tude of a voltage impressed upon Its Input. T h i s  weak per turbat ions of the e x t r a c e l l u l a n  envi ronment .
voltage i~~, am the present time , an amp li f i e d  ECG Schedule-con trolled behavior In monkeys w i l l  be
vo l tage , wh ich  Is ~~cke d up by A g” Ag CI e l e c t r o d e s ,  tes ted  durIng exposure to 450 MHz f I e l ds . Perfor-
How~~ier . vo l t ages  proport ional  to pressure , tempe ra- mance of neonate ch i cks and ducklings exposed to

14 a ,i red .  Th.. s y s t e r  utilizes amp litude m oduiCtIun series of behaviora l measurements rang ing from free
ri w i th a pulse f req uer ,c j  modulated s ubca r r le r  and is  behavior to sophisticated behavioral tasks , including

~~~~~ ture , or ol’ ,’r phys iolog ic varia bles can be used if the s ame field conditions w i l l  be compared in a

relIable because~ Ii th e radiofrequency carrier variatIon of an Interresponse time schedule.  (12/76-
is crys t~i l cort t ro l k’I to reduce dri ft due to metal  11/77)
proximity effects; (2) a ‘-agnetica ll y operated
switch Is used to turn the unit on only when data Supporting Agency :HEW , PHS , FDA , BRH
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I
0137 EFFECT OF LONG-TERM MICROWAVES ON THE IN- 0142 REFLECTION AND DIFFRACTION ASPECTS OF BID-

MUNE RESPONSE OF EXPERIMENTAL RABBITS . LOGICAL MICROWAVE DOSIMETRY . Reno , V. R.;
Wies law , J.; Sel l , It. W.  (U.S.  Navy , Medical Res. Belscher , 0. E. (U .S .  Navy , Biochemica l Div . ,  Pensa-
I n s t . ,  Bethesda , MD 200 14) ,  cola , FL 3 2 5 1 2 ) .

The effec ts of long-term , low dose microwave exposure See Current Research 0057. (10/76—9/77)
on the i ninune response of laboratory an ima ls  w i l l  be
stud ied . The bone marrow and per ipheral blood pro- Suppor ting Agency :U.S. Dep. Def., Navy.
files , the number of neutroph ils present In the bone
Jmm .~rrow , the unsaturated vitamin 1312 b Inding capacIty,
and the lysozyme a c t i v i t y  in blood serum of norma l
and microwave exposed rabbits w i l l  be determIned . 

0143 BIOLOGICAL EFFECTS OF LOCALIZED E- AND H-Skin wind ows w i l l  be se t up to determine the differ-
ences in the inflansnatory process. About 12 rabbits FIELDS IN THE STANDING MICROWAVE FIELD.
wi l l be exposed to a 3000 MHz microwave source at a Beischer , 0. C .; Reno , V. R . (U.S. Navy , Biomedical

power density of 1-2 n’~4/cm2 for 4 hr/day for 2 or Div ., Pensacola , FL 32512).

more no. Experimental animal s wi l l  be exposed for
several hours a day . The subsequent Immune response See Current Research 0006 . (10/76-9/77)

of these animals w i l l  be studied using established
assays of cellular immuni ty. (10/76-9/71) SupportIng Agency~ U.S. Dep . Def., Navy .

Supporting Agency:U .S. Dep , Def., Navy .

0144 NONIO NIZING ELECTRO MAGNETIC RADIATION IN-
TERACTION WITH CENTRAL NERVOUS SYSTEM

0138 EFFECT OF LONG-TERM MICROWAVES ON THE IN- FUNCTION AS EVIDENCED BY MEASUREMENT OF FINGER TREMO R
IN HUMANS . Diachenko , J. A .; Glaser , Z. R. (U.S.MUNE RESPONSE OF EXPERIMENTAL RABBITS .
Navy , Surface Weapons Center , Dahlgre n , VA 22448)Jedrezejczak , W .; Sel l , K. W . (U.S. Navy , Medical

Res . Inst., Be thesda , MD 20014). 
See Curren t Research 0002. (10/76-9/77)

See Curre nt Research 0137. (10/76—9/77)
Supporting Agency:U.S. Dep. Def., Navy .

Suimno rti ng Age ncy:O .S. Dep. Def., Navy .

I
0145 EFFECTS OF HIGH POWE R PULSED AND LOW LEVEL

MICROWAVE RADIAT I ON ON OPERANT BEHAVIOR IN
0139 BEHAVIORAL CHARACTERISTICS OF MONKEYS AND RATS . Diachenko , J. A .; Glaser , Z. It. (U.S. Navy ,

RATS I RRADIATED WITH MICROWAVES . Delorge , Surface Weapons Center , Dahigren , VA 22448).
J . 0.; Beischer , 0. C . (U.S. Navy , Biomedical Dlv.,
Pen sacola , FL 32512), See Current Research 0032. (10/76-9/77)

See Current Research 0007. (10/76-9/77) _ Supporting Agency :U .S. Dep . Def, , Navy .

Supp orting Agency~U.S . Dep. Def. , Navy .

0146 EFFECTS OF CHRONIC EXPOSURE TO HIGH PEAK
POWER PULSED ELECTROMAGNETIC RADIATION ON

0140 BIOCHEMICAL EFFECTS OF NULTIFREQUENCY Ml- ANI MALS. Ogrady,  T.  C . ,  Hosg zu , J. (U.S. Navy , Sur-
CROWAVE RADIATION. Reno , V . It .; Beischer , face Weapons Center , Dahlgren , VA 22448).

0. F . (U.S. Navy , Biomedical Div ., Pensacola , FL
32512). See Curren t Research 0027. (10/76-9/77)

‘.‘ -z -  Curre nt Research 0055. (10/76-9/77) SupportIng Agency~ U .S. Dep. Def., Navy.

- - Supportin g Agency :U .S . Dep. Def ., Navy .

0147 ALTERED CSF CONSTITUENTS AS A FUNCTION OF

c .  
0141 CARDIOVASCULAR EFFECTS OF MULTIFREQUENCY CHRONIC LOW INTENSITY ELECTROMAGNETIC RA-

MICROWAVE RADIATION . Reno , V. R .; Bels- DIATION EXPOSURE IN RABBITS . Manthei , R. C. ; Glaser ,
then , 0. C . (U.S. Navy , Biomedical D i v . ,  Pensacola , Z.  R. (U.S. Navy , Surface Weapons Center , Dahlgren ,
FL 3 2 5 1 2 ) .  VA 22448) .

See Cur rent Research 0003. (10/76-9/77) See Current Research 0038. (10/76-9/77)

Suppor ting Agency :U.S . Dep. Def., Navy , Suppo rt ing Agency~U.S. Dep . Oaf ., Navy.
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0148 MEDICAL SURVEILLANCE OF PERSONNEL OCCUPA- Richardson , TX 75080).
TIONA LLY EXPOSED TO ELECTROMAGNETIC RADIA-

T I O N . Benedum , J. L .; Glaser , Z. It. (U .S. Navy, See Curren t Research 0067. (6/76-5/77)
Surf .,~ , Wea pons Ce nt e r , Dahi gre n , VA 22448).

Su ppo r t i n g  Agency:HEW , PHS , N I H , Na t I. Neurologica l
See Current Research 0040. (10/76-9/77) 5 Coninunl catlve Diseases .

Support ing Aqency~ lJ .S. Dep. Def,, Navy.

0155 ALTERATIONS IN THE SLEEP PROCESS OF THE
RABBIT  AS A FUNCTION OF CHRONIC LOW INTEN-

0149 EFFECTS OF HIGH PEAK POWER PULSED ELECTRO SITY ELECTROMAGNETIC RADIATION EXPOSURE . Manthe l ,
MAGNETIC RADIATION ON CELLULAR KINET ICS. R. C.; Glaser , 7. It. (U.S. Navy, Surface Weapons

Ograd y,  T . C .; Glaser , Z. It . (U.S. Navy Surface Weap- Center , Dah l gren , VA 22448).
ons Center , Dahig ren , VA 22448).

See Current Research 0033. (10/76-9/77)
See Current Research 0035. (10/76—9/77)

Sti~’po rt i ng A gency :U.S. Dep. Def . ,  Navy . 
Suppor ting Agency:U .S. Dep. Def., Navy .

0150 INVESTIGATIO N OF BIOMOLECIJIAR FUNCTIONS 0156 iONIZ ING AND NON- I ON IZING RADIAT I ON BIOLOGY.

BY M ICROWAVE RADIATION. Eisenbud , N.; 
Appleb y, A. (Rutgers State Univ ., Ag nicul-

Rabinow itz , J. S. (New York U n i v . ,  Sch. Medicine , 
tural Experiment Stati on , Old Queens Building, New

550 1st  Ave . ,  New York , NY 10016) . Brunswick , NJ 08903) .

See Curre nt Research 0030. (10/76-9/77) 
See Current Research 0009. (10/76-9/77)

Supporting Agency~ U .S. Dep. Def., Navy . 
Suppor ting Agency:New Jersey State Government,

015 1 ULTRASTRUCTURAL STUDIES OF MICROWAVE 
0157 ELECTRICAL ~ ACOUSTIC PROPERTIES OF BID-

CATARACTOGENESIS. Simon , 0. 5.; McKee , 
LOGIC MATERIAL . Schwan , H. P. (Univ .

A. E . (U.S. Navy , Experimental Pathology Dept., 
Pennsylvania , Sch . Engineering 5 App lied Scie nce .

Bethesda , MD 20014). 
4001 Spruce S t . ,  Phi ladelphia , PA 19 104 ) .

See Cu rrent Research 0025. (10/76-9/77) 
See Current Research 0043. (12/76-11/77)

Supporting Aqency :U.S . Dep. Del., Navy. Supporting Agency :HEW , PH S , N I H , Nat l . Heart Lung &
Blood Ins t.

I. 0152 OCULAR EFFECTS OF MICROWAVE RADIATION.
Carpenter , It . I . (U.S. Dept. Health , Edu- 0158 THERMOGRAPHY AT MICROWAVE AND M ILLIMETER

• catio n , and We l fa re , Public Heal th Service , Food and WAVELENGTHS.  Hendee , W. It. (Univ . Cob ra-

• Dru g Admin ., Wi nchester , MA 01890). do , Sch . MedIcine , 4200 E. 9th Ave . ,  Denver , CO
80220)

See Cu rrent Research 0060. (10/76-9/77)
No descrip tive information is available. (2/77-

Supportin g Aq.’ncy:U.S. Dep. 0.1., Navy . 1/78)

Supporting Agency~HEW , Pu S , N I H , N d .

0153 THE EFFECTS OF MICROWAVE RADIATION ON THE
CENTRA L NERVOUS SYSTEM . Albert E. H.

- - 
(Geo rge w~ . ’ ‘ - ,  - ton Univ., Sch . Medici ne , 133 1 H S t. 0159 SURGICAL IMPLANT COUPLING OF MICROWAVES TO

i .W., Wash in gton , DC 20037) . 
BRAIN . Sutton , C. H.; Carroll F . B.

(U.S . Veterans Adm in. Hoep. , 1200 Anas tasia Ave.,

See Cu rrent Research 0029. (10/76-9/77) 
Miami , FL 33134) .

Suppo rt ing Aqcr ’ m - , :U.S. Dep . Def . ,  Navy.  The res is tance of the rat  blood-brain barr ier to
microwave heatIng has been studied in an i n i t i a l
i nves t i ga t ion . The d i rec to r  of a microwave dia-
thermy generator at 2 ,450 MHz was placed at a fixed

Moushegian . G. ; Rupert , A . L . ; Gerken , G. the remainder of I ts bod y was shielded with micro-
Glor i q . A .; Owens , F. (Univ. Texas , Gradua te Sch . , wave-absorbing Eccosorb . Brain temperatures were

~~ 0154 MAGNETICALLY COUPLED DRIVE OF THE EAR . d is tance from the intact  sca lp  of each rat wh i le
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monitored w i th a needle-mounted thermocoup le i n- Gaily induced atrioventricular block the changes in
ser ted into the right frontal lobe . The integrity atria l and ventricular rhythm icl ty wi l l  be studied .
of the blood-brain barrier was studied with horse- In particular , acceleration of the norma l slno-a trial
rad,~~h peroxida se , a basic protein , which has been node and of the dom i nant bd loventricu lar pacemaker ,
employed as a tracer substance ; It can be studied and the arousal , acceleration , and maintenance of
enzyma t m c a i l y, both norphologi c a l l y and quanti ta- eCtop lc atrial and ventricular pacemaker wi l l  be
tive l- ,, i n tissue . It does not penetrate the in- examined. Therma l effects on cardiac metabolism
tac t blood-brain barrier but can indicate sites of and henodynamics w I l l  also be observed . Techniques
barr i er Impa i rment. Rats were injecte~3 intrave— of temporary control of cardiac rhythm to be de-
nously with 1.8 mg of horseradish peroxidase per 10 veloped wil l  be quick , effective , en t i r e l y safe  and
gm of body weig h t. Body-core temperatures were painle ss , and completely noninvas i ve . Such tech-
mai ntained at norn~~thermic levels, while the brains ni ques may supplement and possibly supplant present-
of experimen tal groups were heated to 400 , 42’, 450 day methods involving external cardiac pacemakers
or 4rC. In quantitativ e studies , the anesthetized and Intravenous drugs . (12/76—11/77)
animals were sacrificed by perfusion through the
sorta with a solution of 5% PVP in ice-cold norma l Supporting Agency:HEW , PHS , N I H , Na ti . Heart Lung &
sali ne. Homogenates of perfused brains were ana- Blood Inst.
l yzed for resid ual peroxidase activity with a
fl uoroqietric method , Lack of extravascular peroxi-
dase ac t ivi t y ind i ca ted an intact blood-brain bar-
rie r. There was no ac tivity after 10 mm at any 0161 TUMOR R.ADI0CHEMOTHERAPY~~’EFFECTS OF ULTRA-( temperature up to 45’C . After 30 mm , there was SOUND AND HEAT . Hahn , G. 14.; PSarnor , J.;
resid ual activity at 42°c , al though there was st i l l  LI , C.; Fajardo , L.; Donaldson , S. S . (Stanford
greater activity at 45’C. In animals whose bra i ns Univ., Sch . MedIcine , Palo Al to , CA 94305).
were heated to 47°C , I t was difficult to maintain
viab i l i t y  for as long as JO m m .  Morphologic stud— The interaction of X—I rrad iati on and chemotherapy
ies were then begun by demonstrating peroxidase with hyperthermia generated by ultrasound and micro—
ac t iv i ty i n animals sacrific ed by perfusion through waves in effec ting tumor cures in laboratory an i mals
the aor ta w i t h  cold 3% giu taraldehyde . The primary w i l l  be Investigated . Specifically, the effects of
cha nges noted were those In whit e matter. In the ultrasound and microwaves in cells w I l l  be examined
brai ns of animals heated to 42°C , the smallest cap il- in vitro and in vivo at temperatures above 37’C.
lan es were usually intac t , while some of the Combined treatments of X-irradiati on (or chemother-
s l i gh t ly la rger vessels showed escape of peroxidase apy) and hyperthermia wi l l  be quantitated in tissue

~ frøm the vessel lumen with diffusion into surround- culture systems and in experimental tumors. Both
ing ~m hi te matter . The earli est site of vascular ce ll survival studies of EMT—6 tunOrs as well as
l eakage appeared to be the white matter i mmediatel y tumor cure experiments with EMT-6 and other tumors
adjacent to the granular cell l ayer of the cerebel- w i l l  be performed . Combinations that prove promis-
lum . There was a greater loss of blood vessel in- ing w i l l  be examined for possible clinical app lica ”
te qrit y at 45°C than at 42’C. (9/76-8/77) tions. Equipment w i l l  be developed to carry out

laboratory and eventuall y clinical s tudies.
Supporting A gency:U .S. Veterans Adm in., Dept. Mcdi- (12/76-11/77)

cine & Surgery.
Supp orting Agency :HEW , PHS , N I H , NCI .

0160 EXTERNAL CARDIAC STiMULAT ION WITH MICRO - 
0162 BIOELECT RIC PHENOMENA CONTROLLING BONE

Bel qrad , A. H .; We intraub , 14. J .; Nos~~grodzki , M. GROWTH . Basse tt , C . A.; Pi l l a , A. A . ;
(Beth Israel Nosp., 330 Brookline Ave. . Boston , MA Cho k sh i , H .; Pawluk , It. J . (Colmjnbia UnIv., Sch .
02215) . MedicIne , 630 W . 168th St., New York , NY 10032) .

Researchers w i l l  develop the apparatu s and techn i ques Methods and mechanisms for the bloelec tric control

~, 
,mh ich ‘ icrowave therma l energy, applied externall y of cel l func tion w i l l  be defined . The investi gators

over the precord i ur’, may be transmitted through the w i l l  anal yze potential dependent phenomena at cell
rl. -.t wal l  to warr~ atri a l  or ventricular pacemaker surfaces invo lv ing interact ions of charged species ,
c e I I~ in se lected areas of the heart to arouse , ac- such as, dlvale nt cations and hormones. Inductively-
celera te , and maintain in t r i n s i c  rh y thms at d m 1 -  coupled electromagnetic fields wi l l  be utilized to
L al l y useful rates and time interv a l s. A microwave provide a variety of bloel ectrlc perturbations.
generator and matched applicator w i l l  be developed This approach w i l l  be assessed through in vi tro

- - using so l i d - s ta te  mIcrowave technique , computer sim- studies of proteIn synthesis and 1’5Ca release by
u lat ions , opt Irn zatlon pr o erhirt’s , and modern fabrl-  osteogenic and chondrogenic c e l l s  and of dynamic Na
c a t i o n  technologies to a l low .n otr I of the depth Ion transport in the toad bladder membrane , as well

• of penetration , volume of tissue irradiated , and as by ~‘n vivo s tud ies  of fracture healing In a rat
temperature change. The distribution , degree . an,m radial osteotomy model. Primary emphasis wIll be
tempor.i I course of heatIng of the target areas of focused upon the elaboration of induced current
the heart and oV Interven i ng tissue s w i l l  be dete pulse characteristics, which have biologic sl gnif i-
mi ned In ormal anesthetized dogs b-~ appropriate cance during bone formation and repair . e.g., shape,
plac ement of thermistor probes . In dogs with sur gi— frequency content , amplitude spectrum , and repeti-

I ’
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I

t ion rate.  Quant i ta t ive evaluations w i l l  be ob- 0164 PERSONNEL TECHNOLOGY--DETERM INATION &
taii ,~d v i a impedance , rad I oactIve labelling, radio- IDENTIFICATION OF EVOKED MAGNETIC RESPONSE
graphic , histologic and mechanical testing tech- OF THE HUMAN BRAIN ASSOCIATED WITH SENSORY STIMULA
nlques . (2/77-1/78) TION. Kaufman , L.; Williamson , S. .1. (New York

UnIv.,  Sch . Arts & Sciences , 421 1st Ave. ,  New York ,
Supporting Agency :HEW , P145 , NIH , NIAMDD , NY 10012).

The Investigators will attemp t to re la te the temporal
and spatial features of the magnetic field external
to the scalp to sensory st imulat ion and the Interna l
state of the subject. Such informatIon should pro-

0163 INTERACTION OF ELECTROMAGNETIC FIELD WITH vlde a better understanding of neurologic relation-
B I OLOGICAL SYSTE MS. Che n , K. (Michi gan ships and lead to Improved stimulus presentat ion for i

State Unht ., Sch. Engineering , Eng I neering Bui lding, Naval equipment displays . Such data should also
East Lans i ng, Mi 48824). allow more precise IdentifIcation of brain neurolog-

Ic problem areas in Naval personnel. Planned exper-
This research effort will deve l op theoretic methods Iments will use a superconducting quantum inter-
for determining the Internal electromagnetic field ference devIce (SQU I D) with a second order gradlo-
ins i de a biolog ic body of arbItrary shape . In addl- meter to detect changes in the evoked magnetic
t ion , an experimental measurement program will be field near the human scalp, while the subject is
conducted using simulated biologic models. A dig i— stimula ted visually, aud i torily, or both slmulta-
tal computer prograre w ill be used to quantify the neously. With respect to vIsual stimulation , the
induced electric field inside the biolog ic bodies effects of average gratIng luminance , contrast , bar
to prov ide theoretic predict ions. The theoretic or ientat ion , spat ia l  frequency, temporal frequency,
methods will also be app lied to study poss ib le  and binocular versus monocular v iewing w i l l  be cx-
therapeutic and diagnostic app l ica t ions , such as , amined . Aud i tory stimuli will include clIcks and
local heating in hyperthermia and noninvasive diag- tones presented to one or both ears at various
nostlcs . (2/77—1/78) pressure levels. (10/76-9/77)

Supporting Agency:NSF , Div. Eng ineering . Supporting Agency:U.S. Dep . Def., Navy .
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4877 M ICROWAVES AND HUMAN SAFETY , PART I . (Eng.) of the cat remained stable for pulsed microwave
Minin , B . A. (No affiliation g iven) . 139 stImuli but increased for acoustic stimuli. Cochlea

pp.; 1975 . [available through National TechnIcal mlcrophonics were recorded In guinea pigs ex posed
Information Serv ices , Spr ingf ie ld , VA 22161 , Document to mIcrowave pulses when sufficient incid ent power
No. JPRS 65506—i). (average absorbed power density of 1.33 J/kg in the

head) was used . The frequency of the microphoni cs
A comprehens i ve review of the physical and biolog ic (50 kHz) In guinea pi gs supported the hypothesis
effects of superhi gh frequency microwave radiation that a vibration is set up in the head corresponding
is presented . General topics covered include the to Its acoustical resonant frequency . Since coch-
nature and ecology of the earth’ s electromagnetic lear destruction resulted in total loss of all
biosp here , the bIologic effects of microwaves and evoked potentials due to microwave and acoustic
methods for studying these effects , the establish- stim uli , It appeared that the microwave auditory
rnent of no rms for electromagnetic fields, and method s effect was exerted on the animal in the same manner
for predic tIng irrad iance. Specifical ly, microwaves as the conventional acoustic stimuli. The most
are discussed both in terms of their pathologic ef- likely mechanism for microwave Induced acoustic ef-
fects (thermal and nonthermal) and their physiologic fects in mammalian aud i tory systems i nvo l ves the
effects (irritating properties). Patholog ic changes Induction of hi gh frequency vibrations in the head
in biolog ic organ i sms arise during continuous pro- by a transient thermal expansion of tissue due to

• longed irradiation by microwave fields with an In- the rap id absorption of pulsed microwave energy .
tensity of 1-10 mW/cm2 or more. However , body sen- This hypothesis is reinforced by the fact that the
sit iv ity to field exposure has been noted at densi- behavior of the measured threshold characteristics
ties of fractions of a pU/cm2. Body organs , which with pulse width agree with those predIcted by the
are most vulnerable to Irradiation (eyes and tIssues therma l expansion theory . (19 refs.)
of the testes) , are those with poor heat transfer ,
For example , the irradiation of the eyes of a rabbit
by an energy with a density of 0.12-0.6 U/cm2 over
periods of from 5-270 mm results in cataract forma- 4879 BIOLOGICAL EFFECTS OF NON-IONIZING RADIA-
tion as a result of temperature build-up in the eye . TION. (Eng.) Varma , H , H.; Traboulay,
The most cormion effect exerted on the human body by E. A. (Bio-Environmen tal Eng i neering and Sciences
low- l eve l radiation is loss of adaptation to changes Res. Lab., Dept. of Civil Engineering, Howard Univ.,
In environmental conditions (heat , cold , noise , Washington . DC 20059). 57 pp .; 1975. [available
psychological trauma); hence , the superhigh fre- through National Technical Information Services ,
quency field is a typ ical stressor . Irritating ef- Spr ing field , VA 22161 , Document No. AD A 0l 33 l 5j.r fects can be produced at radiation levels lower than
those that are necessary for the appearance of en- Mutagen lc Injury resulting from the exposure of male
ergy interaction . A vascular conditioned reflex in Swiss mice to nonionizing radiation (microwaves) was
man is associated with radiations of l0~ ’ V/m, 

investigated . Gross postmortem flndin 9s ind i cated
Changes in salivation iii dogs occur at 3 x JO ? V/rn , that exposure to 1.7 GHz and 200 mW/cm’ resulted In
and changes in the encephalogram of rabbits occur diffuse hemorrhages in the subcutaneous tissue ,
at 20 pU/cut2 . Changes in the ep i the l ial and Inter- with subsequent damage to major organs. At a power
s titial cells of animals occur even at power den si- density of 10 mU , exposure for 100 mm resulted in
ties of 0.3 pU/cm2 . Difficulties In establishing the sloughing of degenera ting germinal cells into

norms for microwave radIation revolve around the the lume n of the seminiferous tubules. When the
fact that human reaction to exposure may be charac- power density was increase ’ to 50 mW/cm2 for an cx-

• terized by purel y qualitative concepts , such as de- posure duration of 30-40 mm , there was disintegra—
te r i o ra t i on  of s t a t e  of w e l l - b e i n g .  (No r e f s . )  , t ion of spermat ids , ser tol i  ce l l s , and connect ive

tissue . Dominant lethal tests revealed Increases in
Infer t i l i t y  and pre—Imp lan tatlon losses after a 30-
mm exposure to 1.7 GP4z microwave s at a power density

~878 MICROWAVE INDUCED ACOUSTIC EFFECTS IN MAM- of 50 nM/cm2 . Out of 10 animals exposed to this
MAL IAN AUDITORY SYSTEMS . (Eng.) Guy, A. power leve l , three died between the second and sixth

U.; Chou , C. AG~4RD ! ‘ t ~ire ‘ir~
’eB !Vc- . 78 on wk after exposure. The overall pregnancy rate for

Ra di i t i cn  x i z r d a , 1975. (available through National female mates of the Irradiated males was 63.83* as
Technical Information Services , Spring f i e l d , VA compared with 86% for controls. The mutagenicity
22151 , Document No. AD AOI5200J . i ndex of treated animals was 3.30 in contrast to 1.1 7

for controls; this high mutagenicity index IndIcated
The threshold for microwave (2450 MHz) pulse evoked damage in the post-me iotic and me lotic stages in
aud i tory sensations or responses in both humans and spermatogenesis. Studies of deoxyribonucleic acid
cats was shown to be related to the i r cident energy (DNA) isolated from the testes of animals exposed to
per pulse , with values of approximatel y 20 uJ/cm 2 for 1.7 GHz radiation at a power density of 50 mW/cm2

‘ ca ts  and 40 pJ/cm ’ for humans at pulse w id th s  < 30 for 30 m ln revealed a change of 2°C in the melting

~sec . ThI s corresponded to an est Imated peak ab- 
- 

temperature of DNA and a change of about 2% in the
sorbed power density of 10—16 mJ/kg in the cat head base composition of the i r rad ia ted DNA. Op t i ca l
and abou t 16 rnj/kg for the human head . This energy density measurements c,f DNA showed a smal l dIffer-
den sity increased the tissue temperature by only 5 x enca between irrad l~ ted DNA samp les and those from
I O t C. As background noIse increased , the threshold controls; this supports the possibility that Irrad i-
for evoked responses in the nediai geniculate nucleus atlon causes DNA strand separation since the change

t
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I
in opt ica l  dens i ty  re f lec t s  a decrease in hydrogen suIt. The absorbed powe r decreases approximately as
bonding in the DNA mo lecule. If strand separation the square of the frequency for all phantom and mon-
does occur , the possibility exists that a point mu- key exposures , ind ica t ing the need for frequency
tation could occur , If there is Imprecise base pair dependent radiofrequency radiation hazard standards.
matchIng. (34 refs.) A comparison of the results using phantoms with

those obtained from power absorption measurements
on live monkeys ind i cated that an ellipsoid model
Is trove appropriate geometrica lly for describing

L~880 MICROWAVE EXPOSURE FACILITY: MULTIPLE power absorption in primates. When perturbation
ANIMAL EXPOSURE AT EQUAL POWER DENSITY , analysis was app lied to an ellipsoid mode l for 40

(Eng.) OIly ., S. A.; Catr’avas , 0. N. (Armed Forces MHz, the ell i psoid mode l provided excellent results
Radiobio logy Res. Inst., Def ense N u c l e a r  Agency, when compared wi th the anima l data. (7 refs.)
Bethesda , MD 20014). 27 pp.; 1976. (available
through National Technical Information Services ,
Sp r ing f ie ld , VA 22161 , Document No. AD A024939).

4882 ENGINEERING CONSIDERAT I ONS AND MEASUREMENTS .
A m icrowave i r r ad ia t i on  facility for multiple animal (Eng.) Guy , A. W . T’: . A~ ,4Rr T. - - ~~ :~r ’
experiment al exposures is descr ibed , A feature of .‘ ri~~s ~~~~ 78 on i?z ~~-17 i’ -- - ’~ Hasards , 1975. [avail-
the facility is tha t the natura l radiation charac- able through National Technical Information Services .
terist ics of the microwave field were utilized to Spring field , VA 22151 , Documen t No. AD AOI5200].
ensure that each animal in the array rece i ved an
equal exposure. Cages of sufficient microwave trans- Eng i neering considera tions involved in the quantita-
pa rency to minimize microwave reflection s were ar- tion of biolog ic effects in subjects exposed to
ranged in a parabolic pattern and were sufficientl y electromagnetic fields are discussed , Top ics coy-
separated from each other to ensure minimum inter- ered include : measurement instrumentation; thermo-
ac tions between animals due to microwave reflections, graphic measurements of the absorbed power in regu-
Power density measurements in each cage indicated lar shaped phantom tissue models; waveguide exposure
that the variation in rece i ved power density in the systems ; the absorbed power distribution in animals
array of cages when empty was 4.8* of the median and man exposed to various electromagnetic sources ;
cage . After the introduction of rats into the and the probl em of localized power absorption due
cages , the energy density in the “worst case” cage to attached instrumentation and implants. Quantit a-
(furthest from the antenna and located to the rear tion of the biologic effects of electromagnetic
of all other cages) fluctuated be tween -2.2% and fields in subjects requires that both the fields in 

- ‘+24.~ t of the empty cage value for a short period the environment and within the exposed tissues be
and then stabilized to a va l ue of between + 22 and measured . Fields in the environment can be measured
+8.8* after a few nu n. The overall facility ensured by means of standard field survey meter sensors con-
equa l power to all l ocations to within 15% after sisting of small dip oles with diode or thermocouple-
a short period at the beg inning of the exposure , type transducers for converting microwaves or radio-
(5 refs.) frequency energy to proportional electrical signals.

Fields and associated absorbed power density in the
tissues can be measured by means of thermocouples ,
thermistors , fiber optic liquid crystal sensors , and

~88l MEASUREME NT OF RADIOFREQUENCY POWER ABSORP thermography . The quantitation of fields associated
T b -  IN MONKEYS , MONKEY PHANTOMS , AND HUMAN w ith exposure of test Subjects can be si gnifican tly

PHANTOMS EXPOSED TO 10-50 MHz FIELDS. (Eng.) Allen , simplifie d by a careful choice of exposure techni ques.
S. J.; Hurt. W. D.; Krupp, J. H.; Rat l iff , .J. A.; (29 refs.)
Durney, C. H .; Johnson , C. C. (USAF Sch . Aerospace
Medicine , Aerospace Medical Di v ., Brooks Air Force
Base , TX 78235). Il pp.; 1 976. (available through
National Technical Information Services , Spring field , ~883 THE BIOLOGICAL S I G N I F I C A N C E  OF RADIOFRE -
VA 22161 , Document No. AD AO2 4373) . QUENCY RADIATION E M I S S I O N  ON CARDIAC PACE-

MAKER PERFORMANCE. (Eng.) Mitchell , J .  C.; Hurt ,
• Differential power measurement techniques were used W. 0. (USAF Sch. Aerospace Medicine , Aerospace Med-

° 
- t detcrmine radiofrequency (10-50 MHz) power ab- ical Dlv., Brooks Air Force Base , TX 78235). 19 pp.;

sorption in a 70-kg prolate spheroid human phantom 1976 . (available throug h Na tional Technica l Informa-
and in 20 prolate spheroid monkey phantoms (3.5 q) . tion Services , Sp r ing f i e l d , VA 22161 , Document No.
Twenty rhesus monkeys averaging 3.5 kg were also AD AO22886(.
used to compare power absorption of primates w ith
the equivalen t primate phantoms . Prolate spheroid Laboratory and fi eld teSts to determ ine the effect
theory and measurement predicted low levels of power of various radiofrequency emission sources on cardiac
absorption for man exposed to 10-30-MH z radiofre- pacemaker performance were performed . Tests with 80
quency fields . For 50 rrM/cm2 exposures with cross- pacemakers (23 dIfferent models) were conducted In
pol arization , only 12 W of total absorption Is pre- Imp lan t simula tion chambers using three different
dicted at 30 l~4 z ;  at 10 MHz , slightly over 1 U total frequencies (450 , 1 600, and 3200 MHz), a constant
power would be absorbed . Compared to man ’s basal pulse rate of ID pulses/sec , pulse widths of 0.01 ,
metabolic rate ranging from 80w at rest to 600 W 0.02, 0.5, I , 2 , 5, 10 , and 20 msec , and electric —
for heavy labo r , 50 mW/cm 2 at frequencies below 30 field strength levels of up to 1200 VIm. Of the
MHz represent an almost insignific a nt therma l in- three frequencies used , the 450 MHz sources resulted
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in the lowest electromagnetic radiation interfererce than 20 rM4/cm~ , and some of these changes were not
UP-il) thresholds (defined as the electric field reproduced by equivalen t heating. For examp le , in
strength at  which the pacemaker rate falls below 50 one case microwave irradiation caused a decrease
beats/m m or exceeds 120 beats/mm ); the EMI thres- in the ti me between bursts of a bursting pacemaker
holds at t hi s frequency ranged from as low as 4 to neuron (from 12 to 7 eec), while an equ i valent
more than 260 V/rn. Shorter pulse widths resulted amount of convective heating caused an increase in
in h i gher EMI thresholds; for examp le , at 450 MHz the t ime between bursts (from 12 to 14 sec). In
a pulse width of 20 msec resulted in an EMI of 4 V/rn another case , a beating neuron stopped firing when
in comparison to an EM I of 65 V/m at a pulse width mIcrowaves were applied , but the firing rate ap-
of 10 p5cc. Field te~~s were conducted in close proxima tel y doubled when an equivalent amount of
proximity to a variety of radiofrequency radiation heat was applied . Studies using conventiona l micro-
sources ; the emitter characteristics ranged in oper- electrodes and nerve cells of Ap ty ~ ia to determine
ating frequencies from 35 kHz to 9 0Hz , pulse widths whether or not the nerve membrane rectif ies or Is
from 1-2000 ,sec , pulse rates from 20—400 pulses/eec , nonlinear at microwave frequencies have failed ,
and peak output powers from 0.02-32 MW. Many of the since microwave si gnals large enough to produce a
tested pacemakers demonstrated some form of periodic detectable output are also large enough to me lt the
interference resulting in red uctions in pacemaker tip of the electrode . (23 refs.)
rate by 5-6 beats/m m ; from a clinIca l viewpoint ,
this type of interference is generall y Judged insi g-
nif i cant. Extrapolation of these field test data
to the vast majority of operationa l radiofrequency 4885 BIOLOGICAL EFFECTS OF MICROWAVES (A BIBL I
emitters or emitter complexes reveals that few pro- OGRAPHY WITH ABSTRACTS). (Eng.) Harriso n ,
duce electric fie l d  strength levels greater than 100 E. A., ed. (Natl. Technica l Information Service ,

• V/rn for sufficien t time periods to significantl y 5285 Port Royal Road , Spring field , VA 22161). 153
disrupt normal pacemaker functions. Therefore , if pp.; 1976. [available throug h National Technical

5 pacemakers were des i gned and tested to be compatible Information Services , P5-76/03871.
w i t h  the mi nimum electric field strength leve l of
200 V/m , which I c  associated with the unrestricted A bibliography containin g 153 abst racts of litera-
personnel exposure level of 10 mW/cm , potential EMI ture (1964-1976) covering the biologic effects of
situations would be substantiall y reduced or effec- microwaves on man and animals is presented . Examples
tive l y eliminated. (18 refs .) of specific subjects covered Include : the effec t of

radiofrequency radiation on pacemaker operation;
• cerebral and peripheral circulation i n  persons han-

du ng sources of ultrahig h radiofrequencies ; mea-
488L, RECEPTION OF MICROWAVES BY THE BRAIN. surements of power density from marine radar; the 

-
(Eng.) mines , U . T. (Electrical Eng i neer- genetic effects of microwave radiation ; effects of

i ng Dept., Duke l i v . , Durham , NC). - ‘i- ’i .  ~.. . F ui . electromagnetic radiation on the central nervous
1 2(3) : 8—1 2; ! 1 t  - system; techniques for protection against electro-

magnetic superh ig h frequency fields; the effects of
Studies to deter-- i nc how microwave energy is absorbed microwave radiation on the lens of the eye ; the ef-
by the s kul l and how nerve cells mi gh t interact with fects of low-level microwave radiation on animal
this energy a r - reported . Theoretic studies of m i- behavior; methods for calibratin g microwave hazard
crowave interact ion with homogeneous and i nhonogen- probes; measurements of absorbed power pattern s in
eous sphere models of the human ~kulI indicated that animals exposed to microwaves; the effect of micro-
at a microwave frequency of 2. 1 0Hz the layers on an wave fields on peripheral nerves ; the biolog ic ef-
i nhoeogeneous sphere formed an effective quarter wave fects of locall y applied microwaves on the thyroid
transformer , which matched the intrinsic impedance g land; loca l hea ting by microwaves ; the action of
of the brain (about 48.5 ohms at 2.1 0Hz) to the pul~~sd versus continuous microwave field s; microwave
i rrepedance of the surrounding air (377 ohms) over most reflection , diffraction , and transmission studies
f the irradiated surface of the sphere. These stud— in man ; regu lations , standards , and guidelines for

ice also demonstrated that calculations us i ng a microwave radiation; herodynamic changes In indiv id-
homogeneous sphere mod el of the skull would be in uals working under microwave irradiation ; and hazards

• error a t fre quenc ies  be tween abou t I and 3 0Hz and associated with the operation of microwave ovens .
should not be used in determin inq potential hazards (153 refs.)

t • .  from equi pment operating in this range (e.g., micro-
‘ •~~v’ ovens at 2.45 0Hz). Stud ies of microwave in-

te rac t ion  w i t h  a nerve membrane mode l , which assumed
•i power densi ty near the mid-brain of 20 mW/c& (1 0  4886 THE DETECTION OF RF DAMAGE TO HIGH MOLECU-
rnW/cm incident power at 2. 1 0Hz), indicated that a LAR WE I GHT BIOPOLYME RS BY RAMAN SPECTRO-
combined penetration-rectification efficiency of SCOPY . (Eng.) Cody , C. A.; Modestino , A. J.; Miller ,
0.01% would yIeld 2 mV across the nerve membrane . P. J.; Kl alner , S. M. (Block Eng i neering , Inc., 19
Membrane rectificat ion , therefore , is a p lausible Blackstone St., Cambridge , MA 02139) ; 34 pp.; 1976.

• mechanism that could account for responses to micro- (avaI lable through National Technical Information
•-, wave irradiation elicited f m ’  humans . Studies In- Services , Spring fie ld , VA 2 216 1 , Document No. AD

• volv lng the placement of live nerve cells front the A 027049).
marine gastropod 1;- ~r u ~a within a strip transmIssIo n
line showed changes in regular fir in g patterns of Rarman and infrared spectrometric techniques were In-
4:?~yei~ neurons at absorbed power levels much les s vesti gated as methods of detecting , quantify ing , and
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I
dia gnosing molecular damage in biolog ic compounds t lon between sing let and t r i p l e t  leve ls  of the bi-
due to radlofrequency (RF) exposure . Spect romet r ic  radIcal Is concluded to be rapid at both zero and
studies were made with DNA , DNase , RNase , RNA , and hi gh fIelds. (No refs.) 1a m ixture of DNA and DNase. In all exam i ned solu-
tions . fluorescence from Impurities obscured the
Raman si gnal . Because of the limited solu b lli ty of
all h ii h molecular compounds , the Raman signals me- 4888 MICROWAVES , MAGNETIC I RON PARTICLES AND
reta i ned weak even for hi ghly purified samp les , and LASERS AS A COMBINED TEST MODEL FOR INVES-
particulate scattering from suspensions attenuated TIGAT IOP4 OF HYPERTHERMIA TREATMENT O~ CANCER. (Eng.)
the laser beam to a sufficientl y high degree to sig- Goldma n , L. (Laser Lab., Dept. Dermatology Med i cal
nifica n tly reduce the Raman signals. Preliminary Center , CIn cinnati , OH); Dreffer , R. Aroh. Derrri.
studies of the infrared method indicate that useful Rem. 257(2): 227—232; 1976 ,
re sults can be obtained on RF effects to biologic
rue lecule s. Four advantages of the infrared method , MIcrowav~e radiation and laser radiation were used to
which justified the selection of this approach , were : Induce tissue hype r therm la in rabbits Injected with
I) Small l evels of fluorescing impurities did not various I ron compounds in skin pockets. The i ron
cause a problem in infrared detection . 2) The spec- compounds were deposi ted into skIn pockets to in-
tr al features of impurities could be ratioed out. crease the tissue hyperthermia Induced by microwaves.
3) The spectr al quality of samples prepared by piac- A Rozzel li quid crystal probe was used to measure
ing thin dry films on wedged AgCl windows was suffi- tissue temperature induced by microwaves and during
d ent to monitor RF damage that caused a major dis- exposure to microwaves. The average tissue tempera-
ruption in the vibrationa l spectrum of the biolo g ic ture me..sured after 30 mm of microwave (2,450 MHz)

samples. 4) The infrared technique allowe d study exposure ranged front 43.5-54.5°C , depending on the
of the RF damage levels as a function of molecular type of i ron compound used as compared with 39.0°C

weig ht because low solub il ity problems were cu min- when no I ron compound was injected into the skin
ate d due to the high sensitivity of the method . pocket. Tissue temperatures before microwave cx-
(3 refs.) posure ranged from 34.2-35.0°C. No direct tempera-

ture measurements were done during or after laser
im pacts. Biopsies taken from the iron depo t areas
and adjacent normal skin showed diffuse spread of

488’ MAGNETIC FIELD EFFECTS ON BIRADICAL INTER— i ron particles with g lobular masses and intrace l lu-
MEDIATES IN BACTERIAL PHOTOSYNTHESIS (MEET- lar i ron particles. There was some l ymphocy t ic in-

INC ABSTRACT) . (Eng.) Blanken ship , R . E. (Dept. of filtration and an intense hist iocytic response . No
B iochem istry, Univ. of Washington , Seattle , WA 98195); thermal coagu la t~~ n necrosis was observed , except
Schaafsena , T. J. ; Parson , W . W. ~~‘ph;~’. J. 17(2): after laser impa ’ts. It appears that with exposure
l l.Ba; 1977. to microwaves a superficial depot of various type s

of iron particles produced local tissue hyperthermia
Ma ,..etlc field effects on biradic a l intermedia tms in- of si gnificant intensity. (17 r e f s . )
valved in bacterial photosynthesi s were studied . The
rooter-temperature quantum yield of flash-induced bac-
terioch lorop hyll triplet formation In chemicall y re-
duced reaction centers of the bacterium Rpm . u?’h~r— 4889 CENTRAL NERVOUS SYSTEM RESPONSES TO MICRO-
oi.dem t stra ln R-26) was decreased by 40% upon the WAVE-INDUCED HEAT I NG . (Eng.) Michae lson ,
application of a 2,000-0 magnetic field , A 50~ de- S. P1. (No affiliation g iven) . /u r ’u ~~ . R’s , ry~
crease in carotenoid t r ip let quantum y i e l d  was ob- F~~?t .  15 ( l ) :  98-laO ; 1977.
served in the reaction centers of s t ra In  2.4 .1. The
f i e l d  dependence of the e f fec t  showed a nonotonic The e f f ec t  of microwave-induced heat ing on the cen-

• decrease , saturating at about 1 ,000 G . No ragne tic t ra l  nervous system is discussed . An important con-
field effect was observed on bact eriochloroph yll eldera tion in microwave exposure studies is the
t r i p let y ield in u,” tr- or on P870+ formation in me- resonant absorption of microwaves In the skul l  of
action centers at moderate p otential. The effect of many marewnals at field wave l engths In the cm range .
the magnetic field became less at lower temperatures This may result In the focusing of energy and the
(IS’ at 80 Kelvin) where the triplet y i e ld  was h i gher; production of hot spots In the brain so that the ob-
this agrees with p r e d i c t i o n s  based on a s i m p l e  k i n e t ic served effects may relate to higher absorption in

— theory. The existence of the magnetic field effect such regions as the hypothalamus than in other tis-
provIdes s t rong evidence in favor of a b ired lca l sues . This p o ssibility has been considered for mam-
model of bocterI~ l photosynthesis. The si gn of the m.lian exposures to 3,000-MHz and 10 ,000-MHz micro-

• magnetic field effect indicates that the b lrad l cal waves and to infrared field s . SimIlar changes In
is born In a sing let state. Local magnetIc field periphera l nerve conduct Ion were seen with all three
differences ev Idently induce sing l et-trIplet mixing types of fields , and it was concluded that these ef-
In the b i rad ica l , and the trip let states observed In fects mI ght be attributable to a thermally induced

• red uced reaction centers arise fre’r bl rad lca ls  w i t h  neurophyslolog lc response at ce r ta i n  body s i t es .
tripl e t cP’4racter rather than via the traditional The Irradia tion of dogs ’ heads with 80 ,rM/cm2 micro-
route of intra mo lecular intersy stem crossing. The waves I hr a f te r  the onset of pentobarbital anesthe-
magnetic fIeld is interpreted as a f f e c t i n g  t r i p let s ia caused a slow r ise of l-2 C in skin , tympanic ,
y ields by decreasing the number of biradical trip let and rectal temperatures . ThIs Increase In tempera-
states in equilibr i um with the sinejlet state from ture was sustained throughout the field exposure

bra- perIod of I hr ; with focal I r rad ia t i on  of the head ,three at zero-field to one at high field. (quIll

16

1~ I
__________ 

- . 
—~~~~~~.~-—-,—- 

.‘.-
-- —• -

- _ _ _ _ i_ _ -



I
B’olo~~col I ff.c rs Non.on,z,no E Ie ’c rf oeeagne ’rec
Rad.ar, on 1(4) June’ 1977 CURRENT LITERATURE

the t ympan ic temperature tended to r ise above the over pe r iods ran g ing from several minutes to hours.
rectal temperature. A slowe r rise in rectal temper- Isolated reports of microwave-induced cataracts in
ature suggested a conservation of mean body tempera- man have been disputed. In terms of gonad damage ,
ture which persisted after the cessation of microwave exposure of the scrotal area to high power densities
exposure. Dur i ng the exposure , there was an InItia l (‘250 eM/cm2) has resulted i n  var y ing degrees of
increase in average heart rate which resul ted in an t e s t i c u l a r  damage s uch as edema , enlargement of the
exaggerated sinus arrhythmia with increased depth testis , atroph y, fibrosis , and coagulation necrosis
of respirat ion, leading In turn to bradycardla. The of seminiferous tubules in rats , rabb i t s , or dogs
vent r icu lar  conduction t ime Increased w i t h  the res- exposed to 2450 , 3000, 10 ,000 , or 24 ,000 MHz. Reports
p iration rate. Pulmonary arterial pressure remained of sterili ty or Infertility in humans from exposure

• unchanged during microwave exposure up to 100 n*J/cm2 to microwaves are questionabl e. There is no direct
for 1 hr. There was a tendency for Increased pul— or confirmed evidence for genetic effects due to
reonary ar ter ial flow , but this dId not correlate exposure to radlofrequency or microwave fields , Mic-
with body temperature rise. Mean renal blood flow rowave effects on hematopoie sis have been reported
was s l i ghtl y depressed at the beginning of the irradi- for both experimental animals and humans. Earl y and
at ion and then Increased . This cardio-respiratory sustained leukocytosis in animals exposed to thereto -
response was Interpreted as an earl y Increase In genic leve ls  of mIcrowaves may be related to stimu-
sympathetic activity followed by a parasympathetic letion of the hematopo letic system , leukocytic mobi-
response . These findings indicate that when the lization , or recircula t ion of sequestered cells,
circulatory system responds i nadequately to handle Eos i nopenia and transient lymp hocytopenia with re( the increasing body temperature , the respiratory sys- bound or overcompensation when accompanied by neu-
tern participates to minimize further core temperature t rophi il a may indicate increased adrenal function .
increases. (No refs.) A study of a large group of peop l e occupa t iona ll y

exposed to microwaves revealed that a small drop in
the nurther of erythrocytes occurs in a l l  people

- exposed to microwaves. A tendenc5 toward l ymphocy”
4890 USE OF ARTIFICIAL ELECTROMAGNETIC FIELDS tosi s with accompanying eosinop h i l i a is apparent in

IN MEDICINE . (Eng.) Demetskiy, A. M. persons working more than 5 yr under conditions of
(Dept.  of Operative Surgery and Topographic Anatomy , low and med i um microwave exposure . About 50% ofV ie t bsk  Medical I ns t .  Pioymya) . 13 pp . ;  1975 . Sobo- persons exposed to microwaves show a moderate drop
levsk aya , N. P. ~avai lable through Nationa l Technical in platelet number. Function al damage to the cardio-
Info rmation Services. Spring f i e l d , VA 22161 , Document vascular system has been observed in workers exposed
No . JPRS-66339(. to radiofrequency or micr owave fields ; such damage

. . . is indica ted by hy po tonus , brad yca rdia , delayed auric-
A survey of l i t e r a t u r e  on the use of ar t i f i c i a l  ular and ven tricular conductivity, decrea sed blood
electromagnetic fields in medicine is presented, pressure , and decreased hei ght of electrocardiogramMagnetotherapy ( I n tens it ies  rang ing from 50-680 Oe) waves . (79 re fs . )
ha’ been j

~ ed for the treatment of skin d i seases ,
c i .cu l a tory disorders , mLjsculo-s keleta l pathologies ,
malig nant neoplasms , the adverse effects of garama
irradiation , inflairriatory gynecologic sicknesses , 4892 ENDOCRINE AND CENTRAL NERVOUS SYSTEM EFFECTS
and gastrointestinal disorders. Magnetic fields OF MICROWAVE EXPOSURE . (Eng.) Michaelson ,
have been used for t issue regeneration and for In- S. N. Tn: •4 ,:-lr-I Le~~~r-- Ser:’e~ ‘10. 78 ~~~
creasing the a n t i - i n f e c t i o n  propert ies of blood . Haz.a,’~n, 1975 . (availa ble throug h Na tiona l Technical
Magne t ic f i e lds  are a lso capable of inducing unique Information Technical Information Services , S p ring-
heenodynamic effects , and it has been found that such field , VA 22161 , Document No. AD A 0l5200J.
fields cause a constriction of the vascular lumen.
(49 refs,) Studies dealing with the effects of microwave expo-

sure on the central nervous system and endocrine
glands are reviewed. Biochemical and physiologic
changes , as a result of microwave exposure , have been-. 4891 PATHOPHYSIOLO GIC ASPECTS OF EXPOSURE TO reported that suggest an adrenal effect. Three

MICROWAVES, (Eng.) Michae ison , S. M. and 24 hr a f te r  dogs were i r rad ia ted  w i t h  3000 MHz
A~#-1R~

’) te0~ure . ,-ri~ s Va. 78 -ti fladi-2tion /iazardm , microwaves (10 mW/cm2), the cor t icos teroid con tent
1975 . (available through National Technical Informa - of theIr blood inc reased by 100 and 150% of the
tion Services , Spr ing field , VA 22 161 , Document No. or i gina l level. Reductions in pituitary g land ac tiv-
AD AO 15200j. it y were observed in female mice exposed to 3000 MH :

(10 mW/cm2) twice daily for 5 rrro . A stimu la tory
Pathologic effects of microwave exposure are reviewed. influence of 5 eM/cm’ of mic rowave radiation on the
If the amount of absorbed energy exceeds the optimal trapping and secretory functions of the thyroid
amount of heat energy that can be handled by the qiand of rabbits has been reported , Incre~rse d radio-
,nec’-eanisms of temperature regulation in an organism , active iodine uptake has been observed In dogs
the excess energy wil l  cause continuous temperature exposed to 1 ,280 or 2,880 MHz pulsed microwaves (100-
rIse wi th tIme , Hyperthermia and , under some cIr- 165 mW/ca,2); th Is was postulated to be the result of
cumetances , local tissue destruction can result, increased thyroid-stimulating hormone due to thermal
Cataracts have been produced in some experimental stimulation of hypotha lamic-hypophysia l activity.
animal s , primaril y rabbits , when the eyes were direct- Transien t functIona l changes of the centra l nervous
ly exposed to high power density microwave fields system have bee n reported foll owing low leve l (‘10
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n~~~c m 2)  m icrowave irrad iation , Exposure of monkeys 4~94 EVALUAT ION OF POSS I BLE I’%ICROWAVE INDUCED
t~• 225-400 MHz has resul ted in a g itation , drows i ness , LENS CHANGES IN THE UNITED STATES AIR FORCE .
ak i nes i a . and eye si gns of nervous system disruption (Eng.) Shacklett , 0. E . (IJSAF Sch . Aerospace Mcdi-
as well as autonomic, sensory , and motor abnormal- cine , Aerospace Medical Div. (AFSC), Brooks Ai r Force
iti e s .  M~ crowave exposure also has been reported Base , TX 78235); Tredici , T. J .; Epstein , 0. 1.
to produce alteration in the electroencepha logram ~4 : ’i~’tion ~~~~ :~~~

- Environment-il Med. 46(11) : 1403- 1 406;
(EEC) . Stimulation is often followed by increased 1975.
amp l i tude and decreased frequency of EEC components
or by decreased amplitude and increased frequency. Cli nica l ophthalmolog ic examination of 817 subjects
The genera l character of the observed EEC a l t e ra -  revealed no significant differences in the presence
tions is constant throughout a wide range of m Ien- or absence of opacities , vacuoles , and posterior
si t ies (0.02 ~o abou t 100 mW/cm2). Rats exposed subcaps ular iridescence between 477 workers in a
in a closed space situat ion to 2,450 MHz microwaves microwave field and 340 control subjects with no
(15 tiM/cm2) demonstrated a behaviora l State suggest- known occupational exposure to microwave irradiation .
iri q f l a c c i d  paral ys is. Humans working i n mi c rowave Among the 340 control subjects , 60% had le nticu l ar
fi elds of various Intensities have comp lain ed of a opacities vi s i b l e  In the red reflex of the s l itlamp
heav~ feeling in their heads, headaches, fa t igue , at 6 or 10 power , while 56 of the 477 stud y subjec ts
drowsi ness in the daytime , i r r i t a b i l i t y ,  poor memory, had this finding. The percentage of totals found
and heart pain. Individuals subjected to microwave positive for vacuoles was identica l at 4l~ for each
fields of a few eM/cm’ have exhibited neurasthenic group. The percentage of individuals found positive
syndrome . autonomic vagotonic dystonia , and dlence- for posterior subcapsular iridescence was 62~ for
pha li c syndrome . (68 refs.) controls and 60% for the study subjects. Add it ional

i n-depth history was taken front eigh t study subjects
fel t to have c l i n i c a l l y si gnificant lens changes:
however , all but one case had a history of known

4893 METABOLIC RATES IN F I V E  A N I MAL P O P U L A T I O N S  ca taractogenic familial diseases , ocula r condi ti on s ,

AFTER LONG-TER M EXPOSURE TO SANGUINE/SEA- 
or therapeutic treatm ent (beta irradi a tion to the

FA RER ELF ELECTROMAGNETIC FIELDS ltd NATURE. (Eng.) eye for recurrent pyer ygiurn ) , It is concluded that

Greenberg, B. (Dept. of Biolog ical Sciences , Univ any connection between , their lens changes and occu-

of Illi n o i s  at Chicago Ci r c l e , Chicago, IL 60680). 
pational exposure to microwave radiation is doubt-

35 pp .: 1976 . [avaI lable throug h Na tional Technical 
fu l . (18 refs .)

I nformation Services , Spring f i e l d , VA 22 16 1 , Docu-
men t No. AD AO24955).

Five species of animals dwel l ing in or on the soil 4895 PROTECTION GU I DES AND STANDARDS FOR M ICRO
under the United States Navy s extremel y low fre- WAVE EXPOSURE . (Eng,) Michaelson . S. 14.
quency antennas at a Wisconsin test facilIty were 1’: : AGARD Lec ’ .4r~ Se,’~’ .c  No. ‘~~, P -:da ti. ’- -~::~i’fr.
collected and tested for oxyger, consumption and 1975 (available through National Technical Infnrma
res piratory quotients. The animal s belonged to four tion Services , Spring f i e l d , VA 22 161 , Doc ument No.
phyla and comprised: the redbacked salamande r , Pleth— AD AO1S200(.

:-~r ‘t ’wreua ~~nereue (Green); the woodlouse , )n:a-
‘wa aaeZlua L.; the slug , Ar ” on sp.; the ear thworm , American and forei gn standards for personal exposure

Lurrbr ~ j ras t ey ’r i a t r i .B L.; and the redworm Lumbr ’ious to microwaves are reviewed along with the bas is for
r~ ti Hoffineister . Controls were collected 7-13 such standards . The United States standard of 10 rriW/

m i i p ~ from the antenna site on the same or next day cm 2 for radiofre quency exposure is at least a factor
and were tested simultaneous l y with the exposed of 10 below thresholds of damage by therma l effect s .
group of animals, The antenna curren t at the test assum ing a long dura tion of exposure , i .e. , 0.25 hr
si te was 300 A , and the frequencies of operation or more . For norma l environmental conditions and
werp 42, 45, and 76 Hz. The magnetic field at the for inciden t electromagne t ic clergy of frec. iencie s
test site ranged as hi gh as 0.053 C; whereas , the from 10 MHz to IOU GHz , the radiation protection
ma’inet ic field strength at control sites was below guide is 10 tiM/cm2 , and the equivalent free-space
he I re(, leve l . The low impedance electric field electric and magnetic field strengths are about 200

stren gth at the test site ranged from 0.005-0.121 V/m (root mean square) and 0.5 A/rn (root mean square) ,
V /rn and was anywhere from 53-61 ,200 t imes  that at respectively. For modulated fields , power density
the control sites. The high mpedance electric field and the squares of the field strengths are averaged
strength at the test site ranged from 0.0099-1 .9700 Ove r any 0.1-h r period ; i.e ., none of the following
V/ rn and ranged f r cr ” 180-2,099 ti ’ie s that at the control levels should be exceeded as averaged over any 0.1—
S i t e s . There were no si g n i f i c a n t  differe nces in hr period : electric held strength squared~~ 4O ,O00
oxygen consutrpt ion or respiratory quot ients among V2/m2 and 0.25 A 2/m , power density-- lO mW/cm ’1 ;
t est animals or controls in any of the fIve species . and energy densit y - - I  mW /hr/cm 2. This guide applies
Comparisons of - -~~t a l~~1 i c rates between exposed and whether the radiation Is Continuous or int e r m i t t e n t
control  yroups showed no seasonal l y l inked change and app l ies  to the general pub l i c  as w e l l  as to
in S e n s i t i v i t y  to t~~- elect r rx t ta qrtet ic f i e l d s .  No workers . Persona l exposure standards in the USSR
abno rrnafl tie~ in behavior , habitat selection , or spe c i f y maximum safe exposure for an u n l i m i t e d  per iod
ex ternal features and pi gm entation were observed in of time at 0.01 tiM/cm2 ; 0.1 mW/cm2 exposure is pe rmit-

any of the exposed anima ls during 4 yr of collection ted for a period of 2 hr in a 24-hr period : and up
and observation . ( 13 ref;.) to 1 tiM/cm2 Is permitted for 20 mm in a 24 -h r  per iod.
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W h i t e  the persona l exposure standard in the Un i ted  amp l i t ude , the propaq~ t lon ,peed , and the exc ita t ion
S t a t e s  is based on the amount of exogenous heat that threshold , whe ther the field lin es were p a r cl lel or
the body can tolerate and d i s s i p a t e  w i thou t  any perpend icu la r  to the streaming protop lasm of the
r e s u l t i n g  rise in body temperature , the USSR maximum cell .  A magnetic field of just 40 Oe produced the
permissible exposures are based on asthenia syndromes above mention ed effects. In general , the effects
reported b y workers in the microwave field, There is were larger for parallel than for perpendicular
no documented evidence of injury to mil i t a r y  indu s- fields . A s ’ a t i s t i c a l l y s i g ni f i can t recover y in
t r i a l  personne l or to the general public from the the b i oe l ec t r l c behavior of the alga was observed
operation and mai nten ance of m icr owave emi tt ing when t h ~ cells were exposed to weak fields for short
sources w i t h i n  the 10 mW/cm2 l im it of exposure. periods of t ime ; however , higher fields aff ected
There is some concern about the safety of personne l the t e l l s  irrever s ib ly. A di po le  f l i p - f l o p model
in intense radiofrequency fields close to transmit- of nervous excitation was used to account for many
ting antennas operating in the frequency bands beiow of the phenomena associated wi th action potentials.
30 MHz. Such environments are in genera l of a near-  (95 refs.)
field tyre . which precludes the measurement o~ power
flu x . Since hazard evaluation in thi s frequency
range is a fonct iOn of measurement in the near-fie ld ,
attention should be paid to th e prob l emi i nherent 4898 ELECTROPH ORES IS OF CONCANAVA LIN A RECEP-

in such measu rement . (24 refs.) TORS ALONG EMBRYONIC MUSCLE CELL Mt MBRf .~~.
(Eng.) Poor , 14. (Dept. Ph ysiology, Califor nia Coil.
Medicine , Univ . California , Irv i ne , CA 92717) : Rob-
inson , K. A . V~ t. , ’’ 265(5595): 602-605; 1977.

PROPOSED REVI S IO I X TO AN SI STANDARD C95 .1
FOR EXPOSURE TO RADIO FREQUENCY AND M I RO- Fluorescent concanava lin A (con A) label ing showed

WAVE RADIATIONS . (Eo’l.) W e ll san d , J . A. (avail— that an electric field of 4 V/cm grossl y redis tr i-
able through Na tiona l Tr ’~ ho i cal Information Services , buted con A receptors along the plasma membranes of
Sprin g field , VA 22 1 6 1 , Document No . AD A02O681]. cul tured embryonic amphibian ( X e  .. ‘

~~) muscle
cells. The redistribution occurred within 4.5 hr ,

Propose.I revisions to the American Na tional Standards and the receptors (presumably glycoproteins) accu
I nstitute standard C95.1 (Safety Leve l of Elec tro- mula ted on the side of the cells nearer to the
magnet ic Radiation with Respect to Personnel) are n e g a t i v e  pole in a way consistent with a passive
presented. A revie w of the therma l and possibl e non- elec t rop h oretic mechanism. The pot ential difference
tbr - r - ~~i l ef i - i ts recu itin g from radiofrequency and produced by the field across a perpendicularly
mi crcs.-a~~e rediatio n indicates t h a t the guide nutober a li gned muscle cell (average width of 30 micron)
of 10 -

~~ / is acceptable as the s,txirlun rocoitmiended was about 12 mV. Time-course experiments revea l ed
exposure level for the prevention of human biolog ic that the con A receptor moved halfway across the
damage . However , it is proposed that the current surface of the muscle cell in 1-2 hr. After a
standard , which c c v - rs the frequency range of 10 MHz- field as small as 0.2 V/cm (corresponding to a po-
IOU GHz , be extended to cove r the Tower frequencies tential difference of 0.6 r’- V across a 30-ul cell)
(down to at leas t 10 kHz). Another change necessary was applied to a culture For 24 hr , a de tec t able
to -iprovi the effectiven ess of the stand,srd j x  to asynlttetry in con A receptors was observed ; fields
expand the scope of the exp lanat ion presented wi th smaller than 0.2 nV/c r did not cause detectable re-
the exposure leve ls .  A minimum summary of health distribution . Experiments with a field of 4 V/cm
e ff ,-r t s should include the possibility of cataract were performed in the absence of poly-L-l ysi ne (used
formation at intensitie s as low as 10 times the guide to Coat the surface of the glass on hi c h the cells
ni ni-er as wel l  as th~ possibil it y of temporary and were grown) and resulted in the same accumulation of
rr - a q . r s i b l e  s t e r i l i t y  in male sup re ct s . Irreversible con A recept ors on the negative side of the cell
dama-it- to cells and tissues as a result of therma l after about 4 hr , indicating that - the apparent posi-
abuse Sh r i rld als o be warned agai n st - F i n a l l y, a t i vi’ ~ha roo of the con A receptors was not due to
pr -cau tio n a ry suninary of t h e p o s s i b l e  occu r rences  of the pol y c a t i o n  po lv - L - l y s i n e .  Dur ing two separate
non th ,-rrna l bIologi c ‘ffect ~ at power density level s experiments in which f l u o r e s c e n t- la b e l e d  wheat cierm
wel l w i t h i n  the pr os.-a t ma~~i r-Iue exposure l i m i t  should aqg i u t i n i n  was added to cells in a 4 V/cm field for
be include d in the exp lan ation portion of  t he Stan- 4.5 hr . less asynstietry occurred than that observed
,~r I . (3i 4 refs,) for the con A receptors after I hr in the same fleld;

thus the wheat germ agglu ti ni n receptor was either
much less charged or much less mobile than the con
A receptor. Experiments were also performed in the

i,s~ t EFFECTS OF UNIFORM MACN ET IC FIELDS ON THE presence of me tabolic inhib Itor s (10 2 mola r  sod ium
B r - - f  L E C T R I C RESPONSE OF THE ALGA NI?’E~’ T.4 aziu e plus lO~~ molar dini trop herto l or lO 2 rsla r

~;~‘ A: ; .  (Eng .) u n . 1.-C . (Ph .D. dissertation sod i um arsenate plus TO
_ i  

mola r sodium fluoride p lus
~tpt. Physics , Clarkson Co Il. Technology , 1976) ; 134 lO ”~ mo lar din itrophenol). Ne i ther treatment had

~.‘p . (availabl e through 5cr , University M i c r o f i l ms , any eff ect; similarl y, the presence of 5 x l0 ”~
4’~o Arbor , MI 48106 , Document 140. 76-22 , 48~). nxl ar col chi cine throughout the experiment had no

effect on the red l st r ibut ,n . Moreover , when ccl-
The bloelec t r l c sign als From sing le i nternoda l cells cium cation was omitted fr o r the med i um during the
of the a l ga V ” ’ r - i ’ g ‘ i s ;’  were s tud ied  in uni form app lica tion of the field , the redistribution pro-
magnetIc fields rang ing in intensity from 40 Oe up ceeded as in the normal calcium medium . I t is con-
to 17,000 Oe. The magneti c field reduced the sp ike eluded that the observed redistribution of the con A
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receptors appears to be a passive response of these Navy sponsored biolog ic/ecolog ic research s tu d ies
r lecu re s to the electric field. (19 refs.) initiated to determine the effects of e l ect r oe.rqrcti c

fields In the extremely low frequency (ELF) range are
su rtsttarized. General research areas covered inc l ude:
physiology , biochemis try, anima l behavior , growth and

~ 8-~ -~ CATION BINDING MODELS FOR ~HE INTERACTION dev elopment , blorh ythm research , huma n performance ,
OF ME MB RANES WITH EM FIELDS . (Eng.) genetics , ecolog ic research and research relat ing to

Kaczrnarek , L . K. (No a ff i l ia t Ion given) ~~~~~~~~~~~~~ cardiac pacemakers and ELF coup ling to biospheres.
R~~r . °r .. BurY . 15 (1): 54-60 ; 1977. Most of the studies summarized were conducted at

elec tric and/or magnetic field levels in excess of
Ca tion binding models derived frcrin experiment s in- the ELF system levels of 0.07 V/rn and 0.2 G ascoc i-
vesti qating the interaction of biolog ic membranes ated with the Navy ’s ELF submar ine convttunicat ions
x i th electr -sa-; rr e t ic fields are discussed . The ef- system . To date , the results of these studies show
fec ts of weak tO.8 mM/cm’) very hi gh frequency (VHF) no signifi cant adverse effects on humans , ani ma l s ,
fi elds on calcium exchange in the neonate chick plants , or microo rganisms at electromagnetic f ield
cerebra l hemisphere were studied in ui ; r ’ . There levels to be used for an operational ELF system .
was a progressive increase in calcium efflu x from (57 refs.)
the brain exposed to fields modulated at 6 Hz (lO .lt ,)

~1z ( 14 .3:), II Hz (l6-~), and 16 Hz (18.5:) . These
e~~f - r t ~ graduall y declined at hi gher fre quencies ,
w ith Field s modulated by 20 Hz l eading to an increase 4901 ATOMIC AND MOLECULAR MECHANISMS UNDERLYIN G
i n calcium effl , amount ing to 9.5%. There was no BIOLOGICAL INTERACTI ON WITH EM RAD IAT ISN .
si gnificant change in comparison w i t h  untr eated (Eng.) Il l i n g e r , K. H. (No aff i l i a t i o n  given) .
con tr o l brains for unmo dulated si gnals and for modu- ‘, o ~~s- i. t I ~~~ig Thi . 15(1 ) : 64-66; 1977.
la tion Frequenci es hi gher than 25 Hz or l owe r than
6 Hz . Identical results were obtained after incub a— Mechanistic considerations underl ying the interaction
tion of specimens with sodium cyanide (lO’

~’ molar) , of bio polymer systems with electromagnetic radiation
suggestin g that the increased calci um efflux seen are discussed . A varie ty of molecular Interact i ons
after exposure to a specific range of modulation ire- are reviewed for typical biolog ic molecular systems ,
quencies could be ini tiated in the polyanionic macro- and i t  is shown that secondary and tertiary struc-
molecu la r  m a t e r i a l  of the ce l l  sur face  where f i xed  tures of biolog i ca l ly important mo1ecule~~, pa rtic u—
charge d i s t r i b u t i o n  is re l a t i v e ly una f f ec ted  by la r l y biopo lymers,  are s t rong ly  Ji t e r n ined  by ictCr -
‘s- tab oli c inhibitors. The p ot ential of the above molecular forces. A mul t i tude of configurations ‘

ex tra low frequency (ELF) field components to modify the isolated molecule can occur by internal rotation
calcium exchange was subsequently tested in a series about carbon-carbon , carbon-ni trOr~mn . and carbon—
oF ‘

“ ‘ ‘ i ‘xperiment s involving chick and cat  cere- ox ygen bonds. Consequently, there ~x is t 5 a large
bra l tissues ex posed to ELF fields. Exposure to ELF Set of conformations having sl i gh tly different en-
fields at 1 , 6. 16 , 32 , and 75 Hz a t peak gradients erg ies for a biop olymer . Each component has a
of 5. 10 , 56, and 100 V/m resulted in a general trend sli ghtl y different stab i l i t y  that depends on it S
toward reduction in the release of calcium cation , i ntermolecular environment. Since the energ i es 1
Bo’s frequency and amplitude sensitivities were ob— mo lecular interaction and the energ ies attributable
served , w i th maximum decreases occurring at 6 and to interaction of the molecule with the elec t rontag-
16 Hz . Thresholds were around 10 V/m and 56 V/rn netic field are not accuratel y kno,.-” , it is neces-
in chick arid cat tissues , respectivel y. For both sary to consider the c ase where both molecular inter-
ELF aid radiofrequenc-~ f i e l d s , the evidence indicates actions and field interactions with the molecules
rr-a, , ma l sens t i v i t y  at biologic f requencies. The ar e small compared wi th their intrinsic energy 1ev -
opposi te effe~ t~ f the two types of irradiation r’ls . The system energy is then treated wi t h i n  the
(increase versus decrease of cal cium ion f r  VHF ver- framework of perturbation theory, and sol ut ions to
sus ELF fields) may he due to differing strength s of the time-dependent Schroed l nger equation are de—
the in cident fields. It is suggested that calcium rived . For comp lex mol ecules , th is  equa t ion ca n be
bi nding in ne ral menthriric’s exhibi ts limit-cycle solved with fair accuracy , although the computationa l
hch. vi or due to t~ rea ction steps being maintained effort increases rapidly with the total number of
fa r fr ,e ~h - cal equilibrium ; weak external pertur- electrons in the mo lecule. (No refs.)
b ations could rhe r efi r ~. eas i ly disrupt the electro-
che m ical bala nce . The narrow frequency range cvi-
deer --F in weak Field interactions does not support
a i lecu la r or d T; le moment interaction at , or cl ose 4902 EFFECT OF HIGH-FREQUENCY ELECTROMAGNETIC

e gu i l ib riu ct . (Ni refs.) OSCILLATIONS ASSOCIATED WITH TASI’IKENT MIN-
ERAL WATER ON THE PANCREATIC FUNCTION IN PATIENTS
WITH CHRONIC COLITIS . (Rus.) Nikoriukina , I .  P .
(N. A . Sr’ma,h~ - Uzbek Scientific Res. Inst. Balneo l-

~~~~ NAVY SPONSORED ELF PIOLOG ICAL AND ECOLOG ICAL ogy Physiotherapy, Tashke nt , USSR) . i rpr. A:~r~ ;’Fe?.
hESEARCH SUMMARY (UPDATI . (Eng.) Anony- F:’~~f~~; r ’ . ;~~~~‘~ .‘t. (2) 14-17 ; 1976 .

mriUs . (PM( 11 7 SFecial Coiretunicat ions Project O ffi rx ,
Naval Electronic Coem,and, Dept. of the Navy , Washing- The effect of i i i  R t hermia and micr owave irra d ia-
t i n , DC). 72 pp; 1976. ~,.~ai’ sb le through National tion in association with Tashkent minera l water on
Tecbni .al Information SPr-!ice~ , Document No. AD the pancreatic function was studied in 152 patie nts
AO2 /-~l6I) . wi th chronic co l i t i s  with disturbance s in the pancre-
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~1 atic function . The -at i e nts received 8-10 treat- F ’rr p e r a t u r , of t b -  necroti c tissue but by the lowest
ment’, of 10 mm ‘arK (nicrowave irradiation) or is tumor temperature . The report falls to describe

E mm ea ch (induc t o r h e rni a) every other day . Luch- the technique used to measure tumor temperature ,
58” apparatus was used for microwave irradiation at and It is well known tha t accurate measurement of
4 ki . with a gap ~ 6-7 cm . DKV-2 apparatus with temperature Ii the presence c f  a radiofrequ ency
an ann Ie current cii 180-200 mA was used for inducto- fi e l d  is full of ‘ -c hnic al p i t f a l l s .  r h - v a l i d i t y
th

~

’rnri i . the gap between IF’ - induc tor disc and the 1 low tumo r blood flow measurements recorded afte r
mesogastr ium was 1-2 car. Microwave irradia tion and radiofrequency therapy is also questioned. (5 r - f ’ ~
ind r totherm ia normalized tIre pancreatic function
and the bioche m ical parameters , such as the synthesis
.ini -.i -~~ret ion of lipa se, dia stase , and tryps in , the

f ~~~~~~~ Jiasta s e, and sugar levels in 32.6~ and 41% 4905 HEAT IN TUMOR THERAPY: AUTHOR’S REPL y

of the m icrowave and ir iductothermy patients , respec- (LETTER TO EDITOR) . (Eng.) LeVeen , H . H .

tive ly 6 refs.) (Veterans Ad rn in . Hosp. , Brooklyn , NY) ; . .Y~: 236(20):
2286-2287; 1976 .

The use of radiofrequency-induced hyperthermia for

t ~o -~ r ORIENTATION OF ACTIN AND MYOSIN FILAMENTS the treatment of 21 cancer patients is discussed.
IN INTERMEDIATE STRENGTH MAGNETIC FIELDS Th0 techni que invo l ved both dielectric and inductive

(MEETING ABSTRACT) . (Eng.) Hook , T. W . (Dept. heating of tissue and was clearl y differ ent f roc
Ph ysics , Mi am i Univ., Oxfo rd , OH 45096); Smith , T . electrocoaqula t ion and electrocautery. Temperatures
A . . “ ir,~ oa . .~~. 17 (2): 296; 1977. in the tumo r reached 44-48°C during therapy , w it ~

ti- : temperature in the center of the tumor somet ices
The orientation if act in and myosin filaments in in- exceeding these va l ues. Ten 1rer.iturr measurements

I 
terr rediate ‘.tr e n q t h  magnetic fields was Studied to were made by t ie method of Lehmann o F  -

~~~~. and b y the
inves ti gate the p o ssibility that , due to their use of thermocoup les. Prob l ems with radiofrequency
s’ructure , t h in and thick filam ents may individually filtra tion during temperature measurements wer- over-
possess sufficie nt susc e p t i b i l i t y  to be ali gned b y come by the use of commercial filters and shielded
rn,m ] r e t i c  fields in solution . Changes in filament lead wires. L x c e lleit results we”e achieved w i t h

I o r i e ’ - t ,r t ion were monitored by observing changes in lung tumors , and these r e su l ts could not have been
fern bir efringence. (4 refs.) predicted b y any anima l models or theoretic cons i der-

at ions. The n -- are no labora t i c  v a r - im a ls tha t hoc -
the same chest confi guration and the same electr ical

I 
im pedance as the b rian chest. ~ ith regard to dimin-

4904 IFA T 114 TUMOR THERAPY (LETTER TO EDITOR) . j s h - l  blood flow a f t e r  r adi v ion , it is emphasized
(trig.) Hahn , C . H . (Stanford Univ . Mc d i- that alth ouq h acute reactions in hig hly radiosensi-

cal Cen ter , Stanford , CA) ; Boone , M . L . ~~~~ 236 tive tissues are i n i t i a t e d  before radiation-induced
(20) : . 2 M ~~~: ‘1 71 . vascular changes become apparent , la t e reac t ions

are alrost - - i t  i re l y ‘.‘c- -da r-~ t i  radi al ion—induced
A report describing the treatment of 21 cancer pa- vascular changes. (5 refs.)
t ents w ith radiofrequency- induced hyperthermia is
c r i t i c a l l y  analy zed. The cl i n i c a l  rrs ult ~ reported ,
although anecdotal , are cited as being con sistent
w i t  the conclusion that if the temperature of tumors 4906 ELECTROMAGNETIC INTERFERENCE OF CARDI AC
is ele vated above t i -  therma l death point f r  tissue , PACEMAKERS . (Eng.) Mi t c h e l l . J. C. .“:
r-o ’yro’ .is w i l l  result. I r i s  i~ tee basis of electro— .4GARD ~~~~~~~ .~ oy’ ’. a .~~“. . ‘R p’ ‘Y:” 7 ’:’ “

• ra te r y ,  and these results should not be confused 1975 . (available through National Technical Informa-
w i t h  hyp erthermi c cancer therapy in the range of tion Services. Spring f i e l d , VA 22161 , Document No.

~. I 42-45°C 0 Which the destruction of tumor cells can AD A015200] .
be achieved w i t h O u t  necrosis. The report asserts

~~~i t the t umo r tem per ature was 8-10 °C hi gher than The e ff ec t 0 electromagnetic ‘radiation (EMR) on
that of the e r -- a l adjacent tissue; however , any cardiac pacemakers is dIscus sed. Reported threshold
n - i - . rn .iF-la - np tlo n regarding tissue conductivity values for pacemaker cl ectc ocr.rq nr ’tic interfe rence
and blood f low indicat es that such hi p temperature (EM1) range from ID V/rn E r  the more sen Sitive device’.
g r a d i e n t s would v i o l a t e  b a s i c  law s f thermod yna- to greater than 300 V/rn for IF’ ,’ less susce pt i b le
mic a . In ‘one tb-in I00 measurements of tumor temr er— devices . M l v i - : - interference coup ling appears F
. i i r ” i - ’. dur ini-j ultrasound , icrowave , or raj efre- occur at frequencies h o t - - e n  100 and 500 MHz , and
quency er 1 rig. tI, . a n t h e r - , of the present paper the EMI h r -- - hold is inversel y ‘rop cr rt iona l to pulse
have never seen temper ature gradi ent s ever periods width ove r the range f rom I usec to several msec .

f minuir ’S of qr (-aner than l’2°C . One possible The ulti m ate b i o l o g ic effec t is dependent on the
explan ation of the reported findin g s mi g ht he that characteri et ic s of the radiation -, rurc e , the proximi-
II, t umor tr . n ;r r a t u r o  was measured in tumors contain- ty of t b -  pacemaker user to the source , the attenua
na I . , r q -  nec rotic volimes . Presumably because of tion afforded Iry body shielding and or i entation ,

almos t total lack of bloo d flow , such necrotic and the state F health of the pacemaker user. Many
vri ’ ‘-s could r l~ e su bs tantia ll y in tr-r’.pe r .r ur e pacemakers in common use several years ago exhibit ed
above their more dl ’,tan t curr ounrfings. However . ‘.erlous disruption b y second modula tion (0.5-10 Hz)
s r h  rr .aFirr i~ would be n ’ a e i n g l e s s  because the ul t i  si gnals itt ed by microwave ovens, The EMR emission
mate survival of the tumor is det ermined net by the from various el ectri ca l appliances (dri l l s , saws ,
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t ’ i - iI mi ser- . , hair dryers , razors, vacuum cleaners) 4908 INTERAC TI ON’ BETWEEN INTRINSIC MEMBRANE
can caus,’ pacemakers Iii r ’ i r r i b i t  revers i on to fixed PROTEIN AND ELECTRIC FIELD (MEETING A8
rates , i n h i b i t i o n  (cutoff), and t.lchycard ia . However , STRACI). (Eng.) Steven s , C . F. (Dept. Physiology,
in almos t a l l  suc h cases the pacemakers mus E be w i t h -  Ya l e  Univ. Sch . Medicine , New Haven , CT 06510) .
in about 0.5 m of the source to be adversely ~ffecti- l f4t 7 h~~ir , iF . 17(2): 264a , 1 0 / i .
Many d i f f e r - n t types of hi gh power EMR emitters rang-
ing from t ’-I evision lr ans mit t er s to rad.ln ran produce The interaction of imposed electric fields and mem-
pacemaker interference~. Typica l of such emitters are brane proteins was analyzed us i ng the techni ques
the air r o t e  surveil l .i n cr’ radars that produce suf- ~1 nonequ i l i b r i um s t a t i s t i c a l  mechanics . The analy-
f ic ie nr t l y intense EMR si gnals at ground leve l to dis- si x revealed that the rate at wh i ch a membrane pro-
rupt some pacemakers at di ’.ta nces of 300 m or more te in makes the transition fr :” one of its conF rrna-
froer It-r e .inteona . Pacem .ikers do not appear to be tiona l states to another depends exponentiall y on
se r i o us ly disrupted by electromagnetic puls e f a c i l i -  m (V)~ V , where V is the m embrane potential and rn(V) is
ti e s. Adver se ci fr - ct tI’- r ,’sholds -ire tabulated for tb ’- norma l component of a quantity called tin, - equiv-

23 (r’n e r ci a l racemakers . (19 refs.) alent dipole momen t change - 1  t in0 protein. Th e gu,ur’-

tity m(V) contains al l  complications arisin g fri --
rrotein -membrane interactions and non-const ancy -i f

the membrane Field. The ~,(rj) may depend on V ; i. e .,
the equivalent dipole in general shows polarization.

4907 BIOP HYS ICAL CHARACTERISTICS OF ELECTRO— The precise voltage dependence of m(V) must be de-
MAr NET IC FIELDS . PROBLEMS OF DOSIMETRY t’r ,r i rnr- l exp erimentall y, i - - r I  i t is - hewn tb-i t in at

AN: DOS I M ETR IC TECHNIQUES. (trig .) Guy, A . W. (N- : least two instances m(V) can be described by the
a l l : l iation given) . ~~- , n n  ‘ - ‘ . r - . :,j .  .‘. :411 .  Oebye low f ield approximatiin . The study of ele tr i c
15(1): 81-88 ; 1977. field-induced changes in --“r-: hrane protein conforma-

tion is re levant  to understanding the p h y s i c a l
Pro blems of microwave dos i metry in bio log ic,i I pre p- mechanisms underlyin g the nerve impulse bec1,,se the
ara tions are reviewed . A prime problem is the di ’ .- q-i t i rr g behavior described by the Hodgkin-Huxley
t n t  ion of the microwave field by the introduction equations presumabl y reflects such field driven
of me t- I I ic measur ing devices , ei ther on the surface con forn’rationa l changes. (14 : refs.)
of the tc ’st subject or in its interior. Another
probl em in microwave tissue dosimetry concerns the
size and shape of the bodies of small laboratory
animals with respect to the wavelength and orienta-
t ion of the incid ent microwave energy. F r  small 4909 THE EFFECT OF THE ELECTRICAL ULTRAH I GH -
objects measuring approximatel y 3 cm i n diameter , FREQ UENCY FIELD ON THE COAGULATION OF ANI-
:- r a r  - ure a t  a frequency of 2 ,450 MHz leads to a MAL BLOOD. (Rus.) Rusyayev , V. F . (Chair of Phys—
specific - i F - - c t  Ion ra te (SAR) of energy as high as ics , Medica l Inst. , Chita, USSR); Mu lundina , C. I .
4.8 W/kg. This contrasts with a typical metabolic Y01 n’ . .‘r’.F’(:”~~~. Fiz :’ - ’ ,’r .  . : ,- ‘ ~~~. F’tz. K:t~~F .  (41:76-
energy production in tissue of 1-2 W/k g. In experi- 79, 1976 .
merits si m u l a t i n g  the human head as a bod y 15 cm in
diameter , a 2 .~~c T_MH z microwave beam has been shown Blood—clotting changes in 10 e xperi nr e ri t al and 8 con-
to be rapidl y absor b - I  at thi- turface of the head trol rats exposed to an electrical ultra-h i gh fre—
w i t h  a max imum SAR of 2.0 14/ kg for an i nc iden t  power quency field were  studied . The experimental group
d e n s i t y  of I mW/cm2 . Because of these “ reas urinct rece i ved  80 V/m m over ID days at 5 mm /day. Blood
prob lems , t he i: va lj, i t ion if the therma l effects of was withdrawn from the animals ’ hearts by puncture ,
a -r id  rorord c- field requires that in creased flssue and erythrocyte sedimentation rate , hemoglobin ,
ter pr- r ,ture be measured i ndependent 1 y of any effects erythrocyte and leu ko c ytr ’ counts, and v iscos i ty were
of the field on the t empera tu re  rne’ . i ’ .u r in g  d e v i c e , determined . The blood was then centrifuged to ob-
One such approach i nvolves the use f an imp la nli’d tam p lasma , whi ch was used to ,- ‘ .t ,ihll sh reca l c i fica—
hollow g lass  probe into which a thermocouple may be t io n  and thrombin t ime s , prothrombin f ac to r , f i b r i n o —
inse r t e d t r a n s i e n t l y be fore and a f te r  r a d i a t i o n .  l ys is in the blood of both animal groups , and the r- f-
A t u rth er -I - v , - l r -i-re nt In mir ria tur , - imp lantab le tern— fed on the c l o t t i n g  ind ica to rs  of t issue  e x t r a c t
per it ur ur i rig devices i nvol vi i smal l  f l u i d  hiirmi tc’n .i tes (left ventricle and aorta) - Wh i Ic hemo-

“ crystal sensor c’innecr’-d by a fiber o p t i c  system to g lobin content , v iscos i t y ,  and e r y t h rocy te  count were
ex terna l photoe l e c t r i c  measuring e q u i p - i - nt . To over-  lowered , leukocyte count and er ,throcyte  se dimenta-
come problems in accu ra te l y  e v a l u a t i n g  energy ab— t i e r , rate increased compared with controls. Changes
sorption In --i - i l , ’  bodies of large r,. -.1 sub ;ect s , such In the c l o t t i n g  process appeared as a s i g n i f i c a n t
.0 , ‘d r i , r .  ro ll i - In very small animals, such as , i n- rise In thromboplastic a c t l v l t F  indicating inc reased

4 sects , a nl i rr i a ture scale model of t i ,. human body or ant ihmp ar ln activity. Both tIssue extracts showed
a l.. rq- -sc ale ’ --i -li- I f an insect can be substituted a si gnifican t decrease oF coaqu l. itl ng activity with
for r r , .  actua l object , providing th .i t they have ap- higher recalci fi cat i on times , lowered prothrombini
pr)I r it e electrical cha r.icte r isti c s to sieu l .,te factor , a nd s lower f i b ri no lysis. These observations
body stru c ture, for examp le , when man is represented suggested that the mechanism responsible for the
by -m model reduced by a scaling factor of 4.6 and cx- changes was the ultra-hi gh fre quenc y f i e ld , which
posed o fi elil s at a ir en i iir- ncy of 144 MHz, to,’ the rmm ~~- altered the structure of the cell membrane through
grap h i . l i l y measured absorbed energy pat t ’rn , w i l l  the dissociation of a thrombopla stic phospho lipid-
he i dt’nt i cal to thi ’,e f t  a full scale mean exposed protein link and the phospho l ipids subsequently
t i 3 1-MHz field s . (Ni ref’ .) entering the bloodstream. (8 re fs .)
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.111’ MICROWAVE IRRADIATION , BEHAVIORAL AND OCULAR Eo ti sSue anisotropy at frequencies ‘ ‘ -I - mi 10 MI- li .
EFFECTS ON RHESUS MONKEYS (MEETING ABSTRACT) . The quantitative data Fr’ar” this stud y are useful for

(E—i q.) M, cif,-- , R. (Res . Dept., Veterans Adm in. Hosp., es timating tissue EM power absorption in experimental
New OrIi’ans , LA 70146) ; Cazenavette . L .; Shubert , H.; animals and man and for extrapo lating EM induced i-f-
Ma’., J .; Elder . S . T,; Gordon , B . 1, 17(2) : fects measured in animals to those expect- ! in man .
16’ a-, 1977, (93 r e f s.)

Tine behavioral and ocular eff ec ts of 9.3 GHz pulsed
microwave radiation on four adult rhesus monkeys were
inves tigated . The monkeys were trained to lever press 4912 BIOLOG I CAL RISKS IN THE ELECTROMAGNETIC
for fruit juice from a plastic tube delivered on a ENVIRONMENT OF AEROSPACE ACTIVITIES .
20;’ variable schedule. During a 20-mm session , the (Fre.) Martin , A. V. J . (Dept . Oevelopinient and
-‘~~,‘ m evs were allowed to respond for 5 mm -.-r ith o ut Techno l ogy, Euro pean Space Ret . Technology Center ,
be i ng irradiated and were then irradiated over the Noordwij k , Ne therlands) . ~.

‘ i~ r ’ l ’  i n n ’’ , - T ’  Ar —
face and eyes .uhi’n .irinki ng from the plastic tube . ‘ t s - n e O i F n’ ;:,. (61): 53-72; 1976.
Each irradia tion session lasted IS m m .  The animals
were allowed to cease lever pressing and withdraw In Ehe aerospace research environment , personnel are
from tine radiation if the5’ so desired . Infrared ir - exposed to sources of electromagnetic radiation
rad i ati on ses-, ons were inter spersed with microwave rang ing from 30 kHz to 30 GHz. Equations and graphs
sessions F i r comparison . Al though the lever press are presented that establish the hazard limits 1 i r

rati- w i - . suppressed as the dose of infrared radiation exposure to various types of antennae , telecom’w’nuni-
increased , microwave i r r a d i a t i o n  up to an i n t e n s i t y  ca t i on  and r ad iod i f f us i on  em itt C r s , tel evisions , and
of 495 —w/~ -r~ for 15 m m had 00 effect on the anima l ‘ s radar present in the aerospace research environment.

J behavioral response. Ocular effects , such as , le ntic Damaging effects to humans can be either thermal ,
u l ar o; -aci ty formation , were not seen after 2 yr of consisting of overheating of body tissue : or bi o—
ob servation. (No reft .) log ical , consis ting of biochemical , morpholog i cal ,

gene t ica l , and ps ycholog ical al terations. Thermal
7 effects only are studied here. The electric macro-

scopic properties of biolog ic tissue , such -is , out-
LONG-WAVELENGTH ANALYSIS OF ELECT ROMAGNETIC c le , fat , bone , arid blood are described . TI:,- propa ’~POWE R ABSORPT ION BY PROLATE SPHERO I DAL AND gatton and absorption of electromagnetic waves in

InLL IPSO I IAL MODELS OF MAN . (Eng.) Massoudi , H . biologic tissue and the transmission and reflection
IPh.D . disser tation , Un i v . Utah , 1976) 218 pp.; 1976 . i, f-the waves at the interface , whic h se pa ra tes two
lava il.ii - te From Xerox Univ. M i r r , f i lm s , Ann Arbor , media of d ifferent electromagnetic characteristics ,
Ml 4 8 1 0 ’ . Order Nr . 7 (-l5,57”( - are discussed , and the amount of ,,t-’.- riw d energy

presented graphicall y . Va l ues for al l  parameters
A n electromagn etic (EM) 1 i e l d  pertur ba ti o n technique involved in tissue-radiation interactions are pre-
is ased to obtain I!: , - induced Fields and associ ated tented grap h i c a l l y for the frequency range o f 25 MHz
power Iep ri sitlo n in both pr elate spheroi,1.i l and eI to 8,500 MM; and for various ang les of incidence .
lipso i I. ,! r~~’nI,’Is of man and experiment u l animals (8 refs.)
irra diated by an EM p l ic i- wave (the wave l ength is
long - ,mç:.,r- ’ - l  w i t h  t i e  major isis ~f the spheroid or
e l l i psoid). Calculations of the p -we r absorbed by
bot h ‘ .n - h- rr,id. i l and ci Ii ‘ - a n n a  I ‘minI, - 1 ~ 

of rr.,n and Ii--.! 3 TWO MICROWAVE BIOLOGICAL EFFECTS EXPERI -

an im a l s  are g i ven f ir- d if f , -ri - i n t f n i q u i -nn , i , ’ .  .,roi o n -  MENTS : HEART RATE Ac-4 I4YOTATIC REfl.E% OF
,- entations of the model s with rcsp, ’c t to the incid ent FROGS . (E ng.) P i n n n t e k , C. E . (Ph .D. dissen t ~t ion ,

; fi e ld v e ct ors. Tb,’ results ‘in t i - i t  th e induced Univ . Mich igan , 1976); 109 pp. ¶a v a il abl e t h r u m
t iel ds and the absorbed power in , the two models are Xerox Un i versity Microfilms , f\inr Arbor , MI 48106 ,
strong ‘,,re tio ns of frequency , s i z e , and Orientation Document Ho. 76-19,217).
w i t !, n i  rie t to the in cide n t IM fi , ’l d vec tors , In
t he ellipsoida l mode l , for m q i - a i - r -  plane -ani vi’ , the To study the eff i- ct s and mechanisms - -I ac tion of
strongest absorp t ion  was found when r h -  incident n icrowaves and the nerve :- , and c ,ardiovascu lar system
e l i c l i  I - : fi eld Vector was -n r a  I - I  to the I--i- l i-st the heart r a t e s  of s i c  pithed or ,,rn,- s l l n , -t ip e d leopard
ax is and when the incicie r r magnet i c  f i e l d  vec to r  f rog-, (‘- :- r .r )  inc- r i - i - xpoced to 7.45 GHz “ic r--

was parallel ti, tin, - li ii t i ’ s t  -i sis of the elli p s o i d ,  wave r’ rrc’ rqv . T b -  heart rat,- data were reduced to
The val i d i t y  of t h .- pertur 1 .it ion theory was checked time interval histograms , and separate histograms
t r y  - ic - son of the la t. , obtained by it with data were obtained For the microwave on and off da ta .

“I eLI iin ,’d from the extended boundary condition method These hlsl ”lrams revealed no ccn s i ’. ln-nn t r. Fianr qes in
- I 1/ - CF ic-I w i th data obtain ed f rey:, lii e sol ut on’. for heart rate dun log r a d i a t i o n . TIr,~ I rIS: . it c r e f l e  of

‘1 
‘,p b er e- .. ‘, di th in the long wavelength range , the data frog ’s gas t ro, m e n u s  muscle was also studied in 20
obt,,ined from the pc rtur b at i ’’n techni que were in cx- frogs irnadia t~~d with 1 .2 GHz. Al ti - rn ij t ,- 5-m m off

the yl ie soluti ons . Comparisons of the ca l cu la t i ’ ,I total experimental time span ol 55 m m .  In each 5-
- - - I l en t .itn i- ,’m,- n t with thote fr’ -- ’ both the EBCM and and on Irradiat i on per i o 1 5  were a d m i n i st e r e d  over a

data wit ’ : preliminary experimental data on nmi rrl~,’ys m m period ten n,- 1 1 i -si-- , r~,-re elicited. The power
- i ls o  showed good agreement. An inve s ti i l a l i n n  of the densit y was c a l c u l a t e d  Ii, be about 13 -nW/ cm - The
,-f f , ., r s f tissue anisotropy on power ,i!rsri rp ~ ion in reflex parameters analyze,I were the peak refle’
p l a n a r  and sphe rical models revea?~~d that i r k e d  tenSion and the Ia te n y to one-hal f peak r,’ t l , -s

t 23

II d ifl i - rences in t i s s ue  absorbed power can occur due t e n n s i ’ e , The result s fr i,’ th e - paired 1 -t e st m di-

I 
_ _ _ _ _ _  

_ _ _ _ _ _  

_ 

_ _  _ _ _S _~ ~~ 
- --—————-

. 
- —- - -.‘-- - --

~~~
- -

~~~~~~~~ - .~~ -
- - — -.-- -.—-._-----‘—~~- - . . ,_ -  —

_ _  
‘a.,



8,o/oq,,nal I It,’- ni to- c--n ’,,’, niq f/tv r,oniaq,’iqii

CURRENT LITERATU RE Radi,it,o,, l- 4 . n ,,,, l9/7

cated that both peak arid la t , ’i ’ c de~ ni’ - i- ,,’d signifi- ima l perEurbation by an anima l ho l der , constructed
can tly (0.05 level) during microwave exposure . The with Plex i g las on equivalent materials , the longest
e f fec t s  observed i n ’ - cc ns ls tent  w ith those ‘- “ ; - t ’ n  ted and broadest face of the holder should be or iented
1’-orn ’ hea t ing. Two shim ec/ ’eni ment - . were also per- norma l to the direction of propagat ion . (5 refs,)

- Tine -,,- da ta , when contrast ent with the ir-
radiated da ta , er f-- r ce the view that tine eFf ,- ,t c

- serve d wer,- due t,i tin, - r a dI a ti o n . (52 refs .~ ,‘i l f, ON EMP SAFETY HAZARDS . (Eng.) Guy , A, W .
1c r : A A,’- ’ ,~ ‘‘ -4r ’ - ’ . r ” , tt ~ - 7~ - ~“

‘ u r I n e .  na , 1975 . [ava I lab le  through Nat iona l
fril l. B IOLOGICAL EFFECTS OF HI’iI VO1TA~ I ELECTR IC Technical nfn,rmat ion Serv i ce s , Spr ing f i e l d , VA

F I E L D S : B I B L I J I R , ’IH Y .‘tl’ ~ SURVEY OF “tIGO I NG 221 61 , Document No. AD A015200J.
‘ic-c - ’ - 1975 . trig .) Brid e,- ’. , J . E . (Il l Re’., I nst.,
Chicago , ii). 320 pp .t 117’ (avai in -I c thr -” .,qin Possible criteria for set ting electroma gnetic pulse
‘~-it ion a I 

‘technical InIorm,ct io n Services , Spring f i e l d . (EMP) safety s tandards are theoretically evaluated .
VA 2216 1 . Document ‘1.’ PB 2~.7 n55), The onl y two quantitative criteria presentl y avail-

- 
able for setting EMP safety standards are the ANSI

A b , b I - o.iraph y and s,Jrv ,’s . - ‘ ongoing r,’ce,.rch con- C95.l safety standard based on li m i t i n g  thermal in—
cenninr , the biolog ic effects i f  elec t ric f eld s from suI t at  m ic rowave  f requenc ies  and the thresholds f-in
- v, ’ r i-, c-- ,aJ in . ‘i”— i -i l l  . i -  power r- insmi ss ion I i nes is the stimulation of ex citable ‘-‘on’nl,ranes by e lec t r i c
presented . A ppro’i -: .a ri ’ ly 80o c i t - i c  ions are rioted , current , i .e. , guidelines pertaining to electrica l
s ome with .,t’strac L - m l  about 80 ongoin g re’sn-.irch shock . The f i r s t criterion Is not realistic for
e f f r - r t - . are I dent i fied. The fn i ll owin g Subject areas application to EMP , Since the induced currents and
are empha sized: the ‘n i ol o gi c effects f alternating energy deposition in exposed tissue is not based on
cur n , -c t (AC ) power line fields herw,’en frequencies .mn applied field ampli tude and duration re l ati ,n ship
of l. .-75 -4; , I r e  b iologic effects of :in ect current but is related only to the rise and fall time rf the
elec t r o s t a t i c  f i e l ds , and the inf luence of AC power appl ied f i e l d  pu lse.  The induced currents in I : -”
I - nc -  fields an d radiafrequency way,’ fields on pa- t i s s u e s  of man exposed to i mpu ls ’ ae elec tromagnetic
tients w i t h  imp lanted cardiac pacemakers. E~l~Cn refs. l f i e l d s  do not appear to be s u f f i c i e n t  for s t imula-

ting action potentials. For impulsive fields such
as EMP , it is reconynended that more attention be
given to the rate of change of the fie ld rather than

4915 PERTURBATION EFFEC T OF ANIMA L RESTRAINING to the width Or peak amp l i t ude o’ the field in es—
“'ERIALS ON MICROWAVE EXPOS URF . (Eng,) tab l ish m nq sa fe t y  standards. (q r,’fs,)

I.i n , J. C. (Den t. El ec tr i .il Eng inee ring , W. iy- nc-
State Univ.. Detr o it , MI .8202); Basst’n , H . I, ; Wu ,
C. -L . c-1.’.~

’ T”;’t .-n . ~i,.n’n,’!. ‘:,,:nv?, r~
’ i i r j  BMf~~ 4 ( l )

80-83. 1977, 4917 LONG-WAVELENGT H ANALYSIS OF PLANE WAVE IR-
RADIATION OF AN ELLIPSOIDAL MODEL OF MAN .

Tin e o r et ic  and exper imenta l  s t u d ie s  .~ f the sc a t t e r e d  ( Eng. )  Masso ud i , H. (Dept. E l e c t r i c a l  Eng ineering ,
fields irroduced by rectangular Ple ’i g l as slabs n t Univ. Utah , Sal t Lake Ci t y , UT 84112); Dur ney, C.  H . ;
I - n- t h ickness  and widt h t- und in an il restr ,l i rn ,-r s , Johnson , C. C . T~EP A”r’nr . ~‘- ~~ 

-‘ ,i~~~. “IF . ‘t’t~ 
‘~~~‘~ —

wh i c” are used In re sear cln on ‘ni r--i , 4v ,- b i ol og ic ‘ii’ ::i - - :’ MTt’ -2 5 ( l )  41-46; 1977.
e f f e c t s , are reported . In the ‘ ,.‘ . re t lc ~t - -1 , es ,
the in cident microwave radi. i t i’ in. was -i ssunn’c.l to he a A lr n r n g- wv v el e ng th anal ysis .,F electromagnetic (EM)
u n i f ’ i n— - p tan .- wave , and r i - -  sl,, r - were taken to be Pt inn.’ wave (perturbation techni que) is app lIed to
i n f i n it e ly long . The theore t i .. so lu t Ion  invo l ved ana lyze t i-n’ interna l fi el - l s in an ellipsoid for each
obtaini n g i ‘,c’t of l i - i -ar equations t mn ic t 1 c- - i —c d u~ ’ of the six ma jrir orientation s of the incident fields
‘ i e lds  ins ide the slab; r i - c ‘ - t o - i ?  ions were solved w I t h  respect  to the e l l i p s o I d . Express ions  for aver-
us ing a larq ~- il g lt a I  computer to  g iv e  t i -  f i e ld  aqe absorbed power and power distributions Insid e
n - c t ’ . U,’ the Plea iq I - ~ sla b. l,,r i nq th c - e’t- ,’r mental the e l I  Ipso ld are given - Expressions f r  the i n—
t,,cr t o~ ~~ ~~ , .i ‘ ii i’ ,-  I ir~~~ ’ n . ’ i  mat ion -i f a p l ane n ,-rc,a l f bel ls and - ,~nc’c i fi absorbed power as well
wave field was generated in a hi g in 1-c’r ’ -rm anc e as the curves OF spec l~~ic .ahsonbed power versus fre-
a’.cc 4-- ic chard-i nn containing a 2 .Li ’,(I Win 1 ,irunle d riv- quenr’j showed that the intern ,a l el ectric fields and
rig a 200-W ac’i~. H l ie n , which was ~.‘j  int o a tru n— the sped ~ic absorbed power depended on the body ’s

C i ?.- -’ pyramidal horn antenna . A Plc’ i’lg la s sl ”i- t of d i e lectric properties and geometry as well as on the
6 nrc 0.13 m • 1, 2 1 rn -was used to simular ,’ the basic frequency and polariz a tion of the incident wave . A
compone-ct ,~~~ an .i’n n”al 1” I -in n , the 1 .2 1- rn length C--irnp ari son of the theoretic sp e cific absorbed power
was chosen to appr oxi- .ite an I n f i n i t e l y  long sl ib in prolate spheroidal and e ll i p s o i - l a l  models with
I t was exp er i ”neml all y d,-- ’,n ’:tr,. ’ed that the perturba- ci’nresp ondlnq exp erimental data on live monkeys In- —

tion produced by a sla ’n p a r al l eil to tie d i n e  tion of dic a ted that ~he prolate spher oidal models were not
propaqat Ion Is at least a- qn .’ .it as that F r  the adenuate for pr imatCs ; however , they m lqht be de-
norma l a I~~- i ~.-- ,.n’ ’ case . ‘s ri-c over , tin ’ maxima for ‘he guate for rodents , si nce the cross Si- ct ions taken
oara llel ease always occur alongsi de tin ’- slab’ s mno rn’n.i l to the long axis for these p nii’ ~ates appeared
widest surface rather than in ‘r,,n.t of the slab , i ,  to he approximately circular. For primates w i th
i5 th, case wi th the norma l orientati on . Good agree- approx i mately e l l I p t i c a l  cross sections . the e l l i p
me’-t was obtained hetw,’i-’- t h e  theoretic model and soldal model offered a superIor representation . The
the experIm ent al results. It appears that for m m -  results ‘if t h i s  a n a I v s l ~ showed marked differences

- ——- — —--— - —‘- ~~~~~~~ — - -  - —. —- -. - — -
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in electromagnetic absorption characteristics be- for the occurrwcrce of responses on at least some of
tween man and animals at the same frequency and same the n ights  when the birds were tracked . The resulE s
incident field level; therefore it w i l l  be necessary i m p ly tha t some b i rds  can sense l o w- In t e ns i t y ,  al-
to relate the biolog ic effec ts to the Interna l fields terna tlng-current electromagnetic fields during
or power absorption and then re l a te  the internal  nocturnal mi g r a t or y  fligh t. (14 re fs.)
f ields or power absorption to the incident fi~~ld~ in
ex trapolating animal effects to ‘nan. (9 refs.)

4920 COCHLEAR MICROP HONIC S GENERATED BY MICRO-
WAVE PULSES . (Eng.) thou , C. -K . (Bio-

4918 ELECTROMAGNETIC FIELDS INDUCED INSIDE AR- e lectrornagnet ics Res . Lab. ,  Dept .  Rehabi l i ta t ion
BITRARY CYLINDERS OF BIOLOGICAL TISSUE . MedIc Ine RJ-30 , Univ . Washing ton , Sch . Medici ne ,

(Eng.) Wu , T , -K .  ( Dept. Electrical Eng ineer ing , S e a t t l e , WA 98 195) ; Galambos , R. ;  Guy , A.  W . ;  Lo v e l y .
un :v . Mississi ppi , Univers ity, MS 38677); Tsai , 1. L. R. H. .~ ‘-~‘r’r”- ,52:r,’ Power 10(4): 361-367; 1975 .- 

“ ‘r-”c ’o : ’c ‘i ieorr . “i -”IFn: “ ,ec MTT-2 5 ( l )
6 1-65;  1977 .  

from the round window of gui nea p igs exposed to ir-
O sclll a t Ions at a frequency of SO kHz were recorded

The electromagnet ic field induced inside arbitrarily radiation by 918—MH z pulsed microwaves (1-10 csec
sham ed cross-sectioned cy linders of biolo gic tissue pulse duration , 100—Hz pulse repetition rate) . n y c
i s  analyzed by surface integral equations and moment anesthetized guinea p igs were p laced in to cy li ndri-
‘me thod techniq u es . A TM or TE p la ne wave was the Cal circ ular waveguides (s tand i ng wave r a t i o  of
illuminat i on source . and the cy li n ders consisted of 1 .04) and were i rradiated intermittently for duna-
bone or musc l e , which m i g ht be multilayered , The tion s of 1.5 m m at various peak power levels below
in te qra l equations were of the surface type and were 10 kU. The average absorbed energy per pulse was

I d e r i v e . : v i a  Ma x w e l l ’ s equations , Green ’s theorem , and 1.33 Jfkg . After a 3-5 hr experiment , the animals
boundary conditions. Surface ari d interior fields were killed , and the response recoroing was continued
for both a one-layer and two-layer circular cy l i nder un til  the physiolog ic p otentials disappeared corn-
we’e found to have excellent agreement with the pletel y. The 5O-kHz oscillations promptl y followed
“‘

~~

C

~ 

ei genfunctior i expansion results , thus va l idat - the stimulus , outlasted it by about 200 misec , and
i re the numeric method . Resul ts are presented for measured 50 ,.V in amp li tude . The threshold energy
ar bitrary cross-sectioned cy l inders , i n c luding an arm for producing the microwave auditory effect was 20
model composed of an e l l i p t i c a p  outer  muscle layer im.Jfkg which is of the same order of magnitude as
arid a c i rcula r  bone at the center . The f i e l d  p l o t s  the thresho ld energy of 16 ‘nJ/kg for the huma n head .
throug hout the cyl i nder int erior are useful in micro- The I nduced oscillations preceded the aud i tory nerve ’s
wave hazard dia gnostics. (20 ref’s.) response and- disappeared with death; they were in-

ter pre ted to be a cochlea r micro phonic . Since the
cochlear microp honic elici ted by microwave irradia-
tion was followed by aud i tory  nerve n s c t i v i t v  a f te r49 19 MIGRATING BIRDS RESPOND TO PROJECT SEA- 
an interva l of time that closely resembled that seenFARER ’S ELECTROMA GNETIC FIELD. (Eng.) in the acous t i ca l l y stimulated ear , i t is reasonab leLarkin , R . P. (Rockefeller Un iv. , New york , My

10 02 1) ;  Sutherland , P . J. S ’~,’n- ”,n 195(4280) : 777 
to ass ign  th is  event to a c t i v a t i o n  of the coc h lear

779; 1977 , hair cells. (Il refs.)

Radar t racking of ind iv idual  m ig ra t ing  b i r ds  fl y ing
at ni ght over a large alternatin g current antenna 492! METAL ION CONTENT OF SPECIFIC AREAS OF THE
system showed that tine b i r ds  turned or changed a l t i -  RAT BRAIN AFTER 1600 MHZ RAD IOFREQUENCY
tude more frequentl y when the antenna system was I RRADIATION. (tog.) Chamness , A. F . (Radiobiology
operating than when it was not. The alternating Div., USAFSAM , Brooks Air  Force Base , TX 78235);
Current source was a sinusoidal o scillator (72-80 Scholes . H. R. ; Sexa uer , S. W . ; F razer , J . W .
Hz) connected to two orthogonal di po le antennas 0-’ 

~~~~~~~~~~ °- ‘tier 1 1 ( 4 ) :  333-338; 1976 .
oriented appro xima telr north- south and east-west.
At distances ‘if lOO~~a1)~n m front the antenna system , Changes in brain m etal ion content were stud i ed in
“- f’ calcu lated electric field gener a ted  by the an- male Sprague Dawley rats who were exposed to e i t h e r
tenna ‘aSs about 0.07 V/m in air , The ca lculated a hypertherma l environment (8o~C for 10 m m )  or
magnet ic  f i e ld at  these d i s t a n c e s  ranged from about 1 ,600 MHz radia tion (80 rrW/cm for 10 m m )  to achieve
3, 1.0.5 -a t e s i a .  The b i r ds  were t racked at low al t i -  an equivalent rectal temperature of 4C .  Increased
t i l e s  ranging from 80-300 tnt above the ground . When i ron l evels were found in severa l  b ra in  areas of

4 , tine antenna system was riot opera t ing , a to ta l  of 157 both experimental gro ups o f animals. The levels (In
l i n e a r  f l i gh ts and six nonlinear fli ghts were re- iircw,les/g dry tissue) in the hyp othalamus , corpus
corded . In c o n t r a s t ,  when t he antenna system was s t r i a t u m , midbra in , hippocar c- tpus, cerebe llum , medul l a ,
turned or,, there were 204 lInear and 28 nonlIn ear and cortex of irradiated animals were 3.55 1 .33 ,
f l i ght s recorded. When tin e antenna system was oper- 1.75 ± 0.22 , 2.51 ‘ 0.62, 1.78 0.21 , 1.84 0.20,
.~ t i nq in a c o n d i t i o n  involving Current  changes (from 1.58 0 . 18 , and 1.98 ± 056 . res pectively; the cor-
0-75 A or 75-0 A), the percentage of nonlinear responding values for rats in the hypertherma l en-
flU t ht s (28~) inc reased s t i l l  further , wi th 2 1 non- vironment were 2.41 t 0.48, 1 .74 ‘ 0.26, 2. 1 2 0.25.
l inear and 53 l I n e a r  f l ights being recorded . NeIther 1 .63  t 0 .15, 1 .91 i).26, 1.66 • 0.19, and 1.97
wind condition nor cloud cover appeared to account 0 .4 1 , r e s p e c t i v e l y .  Contro l  l e v e l s  were 1 .87 • 0,38 ,
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I.~~l 0.24 , 1.67 0.21 , 1 .41 0.22 , 1 .60 0.19, 4923 POWER DENS ITY IN NEAR FIELD OF SMALL L I N E A R
1, 3 5 ~ 0.18 , and 1. 6 3  ‘ 0 .27 .  respect Ivel y. Copper ANTENNAS . (Eng.)  Wan g . J. C. (Technical
was Increased in the cor tex  of bo th groups : 0.207 Memorandum , Federal Cocvnunicat ions Coeiniss ion , 1 976)
• 0.024 for irradia ted rats and 0.210 • 0.029 for 13 pp. [ava I lable  through App l i ed  Propagation Branch .
hypertherma l rats as compared with a control  value Federal Coninunicatlons Conriisslon , Wash ing ton , DC
of 0.195 0.024 . Zinc was decreased in the hypo- 205541.
tha l arnus of the hypert herma l group, be ing 0 ,7 16
0 .174 as compared w i t h  0.9 18 o.o8o for controls A theoretic analysis of the power density in the
arid 0.806 0. 137 for irradiated rats. Sod i um was v l c i n l t - ,i of a small iinear antenna emitting non-
decreased In the cor tex  of the hypertherma l rats , ion iz ing rad ia t ion is presented , w i t h  emphas is  on
bei ng 227.5 * 18.0 as compared w i t h  a control  value the near field. Equations are derived for the time -
of 242.6 ± 29.5 and a value of 24 8.2  ± 9.59 for Ir— average power density in the near and far f i e l d s  and
radiated ra ts . Maqne sium was increasod in the cor- for the maximum po ssible power density in the near
tex (33.0 • 1 .2) and medulla (26.7 • 1.3) o f i n -  field , The theoretic results are compared with mea-
radiated rats; the correspond i ng control va l ues surements made on a wa l kie-ta H .ie operating on a
were 31 ,8 ‘ 2.1 and 25.4 • 1.2 , res pectivel y, while frequency of 415 MHz , wh ich radiates 1.26 W of power
those for hyperthermal rats were 31 .6 ± 2.6 and front an antenna 4.57 cm in hei ght. The calculated
26.0 ‘ 1 .3 ,  res pectivel y. The increases in metal and measured results agreed qui te well in the far
Ions observed , espe ci a l l y in the case of I ron , sug- field (less than I dB apart) and reasonably acM in
gest vascu lar  changes tha t occur in response to the outer pant of the near f i e l d  (about 3 dB a p a r t )
phys io iog ic adjus tments to art imposed heat load. However , agreement became progres s i ve l y worse as the
The decrea se in z inc  seen in the hypothalamus of the field rad i us decreased . This increasing inac curacy
hypertherma l group may s i gnal an increase in protein resulted from Ehe fact that the latest co tmw n e rcii I Iy
s y n t h e s i s .  Overa ll , the changes in me ta l  ion di s- available power density m eter was better when used
t n i b u t  ion observed a f t e r  exposu re to I .603 MHz rad la— in the far f ie l d  and a l s o  to the f a c t  that  as the
t ion are probabl y the resu l t  of concom itant hyper- radius approaches 0 , the antenna could no longer be
therm ia , s ince most of the a l t e r a t i o n s  observed in considered sma l l .  (10 r e f s , )
i rradiated rats were also observed in rats exposed
to the hypertherma l environment. (9 refs.)

4924 INDUCED EM FIELD AND ABSORBED POWE R DEN-
SITY INSIDE HUMAN TORSOS BY I TO 500 MHZ

4q22 RF FIELD INTENSIT Y MEASUREM ENTS IN SELECTED EM WAVES. (trig.) Chen , K - N . (Div . Eng ineering
BROADCAST F A C I L I T I E S .  (tnq .) Wi ng, J. C.; Res . , Mich i gan State Univ., Eas t Lansing , MI 48824)

L inthic,in , J. ‘ . (Techn ica l  Memorandum , Federa l Corn- 184 pp. ;  1976 .  [ a v a i l a b l e  through Nat ional  Technica l
munica t ions Cony niss io n , 1976) 7 pp . t available I nformation Services , Sprin g field , VA 22 16 1 , Document
through Research and Standards Div., Fed eral Cormynun- No. PB-254 2471-
i ca tions  Coe,nission , Wash ington , DC 2 0 5 5 4 J .

Num eric results on tine internal electromagnetic field
Power density and fi eld strength measurements were and absor bed power density insIde a human torso in-
made in or near four typical transmitting stat ions duced by elec tromagnetic waves of frequencies rang ing
licen se d by the Federa l Conwnunica tions Coesnission to from 1-500 MHz are presented . Thi- numeric result s
obtain Information concerning the h ig hes t levels of were based on a recentl y developed tensor integral
elec tromagnetic radiation that exist in such areas , equat ion and on the assumpt ion that  a heterogeneous
par t i c u l a r l y  near human a c t i v i t y .  Power d e n s i t y  bod y could be partitioned into a number of electri-
measurem ents made near a t e l e v i s i o n  t r a n s l a t e r , op- c a l l y smal l and p a r a m e t r i c a l l y  s i m i l a r  subvolumes or
crating at a frequency -~~ 704-710 MHz and ra d i a t i n g  c e l l s .  I f  the s i z e  of the c e l l s  was kept smal ler
1 ,000 W through a p a r a b o l i c  d i sh , ra nged from 0.3 than 1/4 of the f re m- -spac t .  wave leng th , su f f i c i e n t l y
mW/cr,r ‘near the front of the t n a n s m i t t , - r  to more a c c u r a t e  r e s u l t s  were ob tained in terms of quantif y-
than 10 rrW!n’n at I foot below the fron’ of t he d ish . m g  the Induced electromagnetic f i e l d  inside an an-
At the site -- ~~ a te levision trans m itter (Emp ire b i t r a n i l y shaped biologic body , such as the human
S tj t e  Bu i l d ing )  opera t ing  on chann ,’l 31 w i t h  a v i sua l  torso A f t e r  the v a l i d i t y  and accuracy  of the tensor
power 0f 8’~0 kW , power dens i ty  read ings ranged from i ntegral equation method were confirmed experime n
neg l iqi b l e in side thi’ transmitter room to nm- re than t a l l y by measur ing the induced e l e c t r i c  f i e l d  inside
10 rm*i/cm2 near the a n tenna,  Readings as ‘ni gh as 0.5 boxes containing salIne solution , the numeric me thod

me W/ n - - were obtained on an obse rvat ion deck (102nd was applied t i  quantify the induced electric field
f l ’,’in) used by the general p u b l i c .  F ie ld s t reng th  and absorbed power dens i t y  i n s i d e  human torsos . The
read m ngs I ,,1 n - ;  at a radio stat Ion br- n i l , ,. -as t i ng on f.,l lowin g specific cases were considered : induced
1 ,500 t.i’ , (power r,ot spec if i i ’ nl l renili-ni from 8.64 V/rn e lectromagnet ic  f i e l d  and absorbed power densi ty in
at a distance -~ 50 fee t fr - ,n’n onie o’ the antenna an adult r iin’ ,o by both v e r t i c a l ly  and ho r izon ta l l y
towers to 945,0 V/m at t b base -i f two t owers and at polarized el i . t romagnetic waves , induc ed electro-
a d i s t a nc e  .,f about 2 fee t from the output transmis- magnetic f i e ld  and absorbed power Its a ch ild ’ s torso

— sion line , l i - I d  strength measur”r’ents it a 50-kw by v e r t i c a l l y  po l a r i z e d  waves , and e lec t romagne t Ic
radio Station broadcastin g on 1 ,0)0 1Hz ranged from f ield and absorbed power d e n s i t y  Induced by ve r t l
4 .4 V/rn near the front panel of the t ra nsnml t te r  ca l ly  and ho r izon ta l ly  p o l a r i z e d  e lec t romagnet ic

• cabinet to 5,440 V/rn about 2 feet ~ i nm the antenna waves in human torSos as functions of the frequency
loading c o i l .  (5 r ef s . )  of radiation and torso geometry. (14 refs.)
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X-RAY DIFFRACTION FROM CHIOROPLAST MEN- m g habits , i-v on when the birds were near the radar
BRANES ORIENTED IN A MAGNETIC FIELD. horn where the field strength was estimated to be

(Enq.) Sadler , 0. N. (H. H. W i l l s  Ph ysics Lab ., 52 mW/ in, - Therefore , Ih,: preponderance of evidence
Univ .  B r isto l , Royal For t , Ts n n - l i i l  Av e ., Bristol 858 supports the conclusion tha t radar is not a perturb-
ITL , UK). I’~7~,0 La’ ’t .  67(3) : 289-293; 1976 . i og infl uence on birds. (27 refs,)

X-ray d iffraction sIgnals were obt .~~ned from chloro-
p l ast membranes oriented in a magnetic field of ap-
pron i ’satel y 10 k G. A chlorop last suspension from 4927 MICROWAVES AND HUMA N SAFETY . PART II.
s p inach leav es , which corresponded to about 5 mg (E ng,) M i n i n , 8. A . (Joint Publications
chloro phy l l / —-I , was placed in a il ~~s~ cap i l l a r s. Res. Service , 1000 North , Gleb e Rd., Arlington , VA
which -~,is moun ted between the poles of an electro- 22201) 195 pp. : 1975. (available through Nationa l

magnet on a low angle x-ray camera. A phot nqri cnhi c Technical lo for mit ion Services , Sprinqfie ld , VA
recording of low angle scat tering f rom I ’ n ’  suspen- 22 161 , Document N,a. JPRS 65506-2).

sion revealed ir .s in the direction of the -ci-:nn r’ ti c
f i e l d  t ’ n ,,t were attri butable to the n ’n h ,in ’ , ’ ” - l  sca t t u r  Fundamental princi p l es pertaining to th~ protection
.ahen the l i ff r ,’ nc t  ion vector was parallel to the ,n f human’, from super hi gh frequency radiation (micro-

I amnel lar normal s . This confi rme d that ‘ I-m e lamn ie llar wave ) exposure are outlined . Protection measures on

normals  we re a l i gned along t h -  -- ‘aqnetl c field. A bot h large- and sma ll -sc .al e levels are discussed and
i’q r ’.’ of fl,iqni,’t ic o r i e n t a t io n  f a 15~ - ‘nr c was include tI-a’ use of natural screens (ex i ;t ing nonresi—

est ina ted . ‘1 nn ’ l’nf ,-rm at ion’ g ai n - m m - I from the i ric-nta - den t i a l structures , strips of fnnri .t , hil l s ) ;  the

l ion i nd n ,i t r-nl th at there was mnn nnn nen id i ona l ~~~ 
pri ;io r design and placeme n~ of microwave antennae;

oem- i t to the sca t te r  that was comparable in intensity the use ~ adequat u sh ie ld ing  on microwave t ran ’-
t-, the meridiona l , ,nn’nponm n t  - T - m  5 was I ‘ri) rn - ted mittens; t hi’ ,rot ‘-c ion - I r’ nn,ms tn, -- - externa l rad i —

I on rb- j basis -if p n i - t e i n n ’  a- sociated with t ’-i ’ chlon o— ation by the appli cation if i n,hi i , on n t ,- c ri v e coycn Ing5
p last  membranes. D i f f e rences  in ionic conditions I ,  the w alls; and the use of individual protective

(presence or absence of magnes i um c h l ,, n ide in thi mea c jr,- -,, such as , n nn n t i . c t i -i,’ s u i t s , ‘-as~~-,. ql as -.es ,
medi um) demons Era ted the effect of --em-i ’- ’ ,‘ie va in Ing - i’ helme t - - - Detail ,- , ’ l,i I i  i n -  supplied on t ’ni’ char -

J 
in the p a rti tion r- ’-iion. A — flstaoce between ~~~ 

ac t e n istics 1 v -irio us ra , f i , -i , nn t e r t iv e  ‘materials and

cent ens of V-ni- membr ,inm-m s ic r’ns -i I h~ par t i t  ion ~ 77 on m et hils ~,i n t ’nn’ ,nn (- ica i  I y p r e d i c t i n g  th e e f f e c —
anqstroms was estimated . The results lend support t i veness  - f radin~iro ti ’c m ive “i,-asurec . T e c h n n n i i u , .s

for a ‘nicaic model Structure for tb -me ch lon ui p l i s t  f- in ni-i- ~ ,n, n g t i n u - nh -c i t y  of - i c r - -way, f i e l d s ,  in—

-m-n’nh r i r - ’~ (10 refs,) cluding n h , ,, at biologically -Ianq,’ro-j-, lev els , are
,il so descn,’ lni -d . (165 ‘ f ’ .)

RA :- OR AND M IGRATING BIRDS . E nn i .) Krupp.

— .3. H . (USAFSAM , A n n- - pace Medical Div., ~i ’3 2 fb B I O P H Y S I C S  — ENERGY ABSORPTION AND DISTR I
Brooks Air Force Base , TX 78235 ) Il n v - ;  1976 . BIJTIOH . (Eng.) Guy, A . V . Tm: : ,t A$-
(available through National T eil- n L - -i Info rmation 1-, ‘ ,,r , -‘, n’: - n’ ‘, - ‘ i n m ;  P i. .n :0~: ~~~~~~~~~ 1975 .
Serv ice , Spr ing f i e l d , VA 22 1 61 , Document N i  AD )avai lab le r h r  igh Na tiona l Technical Information
A O3 n) ’~~ 3 .  Serv ices , 0 ; - n i n o f i i l d , VA 22161 , Document No. AD

AO15200 J .
Stu dies on the n’ ’f e c t  n~~f radar on mi p r a t ioq h i rd s ire
reviewed . Generall y. rep (-nrs of radar i i i  :- uence on Bi (iloq ic .a’nd physical consi derations Involved in
bird f l i g h t  are based on s u b j e c t i v e  Observa t ion  with- the intenp n .tatio n of effects of e l e c t r o m a g n e t i c

i t stat i’ ,t i ca l v a l i d i t y  in - -~ - - .t cases. Cranes have fields on biolog ic tissues are discussed . Topics
been reported t o  alter rh - - i n  f l i ght route near an covered include d i e l e c t r i c  proni r’ rti us and elec t ro-
a i r  giir if t n - n  the installation of .a new m d  nixi rn- -i-m oe I i c w ’mv n ’ propagati on t i r on, ‘/ biologic issues
powerful radar; however , - n li-t a i led an al- ,nsi - , of thermal effects on biolog ic tisSue exposed to d cc-
wearh i ’n influences ..-ms not made . A microwave ,‘ff ,-ct troimm agnetic fi e l d s , relations be tween plane wave

(‘ on birds has been i m p l i c a t e ;  by expe rir enm s in which fi elds and absorbed power density in exposed bio-
chickens exposed in the f a r - f i m - l i  exhibited i nmwnc di ’m te log ic objec ts, quasi-static field coup ling to spheres
sp-j ntaneous r, m r t i o f l S  (win-n droop i.iu i c ;  leg paraly- and elHpsoids . and fiel d coup l ing f rom f i n i te
sis). A l th - - ; ‘  th .- f i , -l d i t ’  si ty - - a , , ’ , relat ively ,o,,r,es. In general , the total amount and dis t ribu—

p h i g h  (i ’ - - ’~i, - - ,W/,n~
, ) ,  heating was di sm i- ,s,-il as a tion of t I -  absorbed electromagnetic power in b lo—

• - ‘ .musi - desp ite the fact that tcmpn ’ratune “r’isurements log ic ti ssue exposed to electroma gnetic fields is a
were ‘- t  made , Vi sua l and phot n n n , h i c tracking function, 1 the magni tude of the electric and meg-
ana lysis of birds be i ng tra i i, -l by radar mi ’nci l netic I i i - I d s ,  the relative stored energy In the
beams aimed d i r - c t l y at t Im -i have fa iled to reveal magnetic and electr i c  fields , the source and tissue

11 any si gn f , c , i n , t  d e vi am ion r~~~- ’ s t r , ai qh t - I ine f l i g h t  - configurations , tine tissu e composition , the radla—
In a c-oil r i l e-I experiment where n , n n, i r , with wave— tior t frequency, and enviro nmental factors. The aver-
Ienq thii -~f 3, 10 , 23, 25, and 50 cm a c m -  used as ii i  and maxi mum absorbed power density may vary over
ce rt urh in g sources and/or trackers in a stat i s t i i . i l l y  many orders of rni.iqni tude fir  the same app lied fiel d
mean ing ful way i n ,  assess the c f -  on bir d f l i ght . int c rms i ties , and , depend i nq on conditions , power
no radar effect waS observed . Fxi in -n i mne nts evalu atIng , m l s i r p t  ion may be predom inantly at thp surface of
the e f fe ct ‘i n , pi geons being fed in a microwave field the subject or may affect interior tissues . A tab”
of 3 -nM / i n- - - failed to reveal any d i - , t u r ha, nci - In i,at- ula tl on of the dielectri c properties , the depth of

I I’) 
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H i i l i q  ,i~ I ‘I’ n- Non,onii,nq a’ /en tmon ,,qnn,’n,
CURRIN1’ L IT ERAT U RE H,i,/ ,it,,n n, 1(4, f ey’ /9,1/

penetration , and the reflection characteristics of appears that shu t tle streaming may be a more sensi’-
various t issue s (muscle , sk in , fat , bone , and tis- tive indicaton of extremel y low frequency effects
sue s of hi gh and low water content)  exposed to elec- than mi t osis. Similar decreases in the rate of
troetagnetlc waves as a function of frequency (I MHz- streaming were observed when p lasinodia w in ’  exposed
10 GHz) i s provided . (23 refs.) to modulated 76 Hz si gnal (2.0 C , 07 V/m) . When

the field Intensity was reduced five-fold , a de-
crease i n the rate of streaming was st i l l  observed ;
In contrast , simila r field in t rn., tie s at 75 lIz CW

INVES T Ii. AT ION OF THE EFFECT OF LOw” INTEN failed to affect the rate of shuttle streaming .
S h Y  UHF ELECTRO MAGNETIC WAVES ON !~, l ’ T ,’~ ,l,T” Plasimodia exposed to 75 Hz CV (2.0 G . 0.7 V/rn) dis-.- ‘.~~~p~cu: AND ‘ “ .~ ,fi ~~~ ~

‘
~~~

- ‘ n ,’~ , -; ’~’jV,’ ’, (Rus.) played an approximate l 3~ de pression In oxyge n con-
Os a n,-nn kov . A.  N. iNo aff i l i a t i o n  g iven) ; Matison , sumption ; exposure to the same field intensity in
V. A , ; Kaptereva , 1. V - ;  Belov olov , A . V . ;  Lavrov a , the modulation mode resulted in an 8- lowering of
V. I .~~~~ “ ‘ ‘ . ::a ;”~ (6) ; 47-50; 1976. the respiration rate. When exposed cultures were

fused w i t h  unexposed cultures , the entire -m iss was
Ti-..- . -  f1 e c t of ultra -hi gh f requencies on the survival observed to assume average properties , i ndica t ing
and g t’ n of ; ~‘ Z - u t  “?e;’’ m) ’~~t ’ ’ 4,’t and n . j . :  nns n;,;,-m the existence of some transferable substance(s) in

r e -  ‘ . n was s tud ied  a f t e r  i r r a d i a t i o n  of c e l l  the exposed cul tures to w h i c h  the control cu ltur es
cultures at 200 ;;W. The c e l l  surv iva l - f requency  responded . ( 17  refs,)
carves obtained had a resonance character and were
different for each species. The surviva l of B. ‘--~-‘•‘i:-

c.: was sharpl y reduc ed by radiation at 10 ,450
MHz , .ibil e growth stimulation was observed at 10 ,300 493 1 CARDIAC PACEMAKERS AND EMI FROM THERA PEUTIC
Mi, , The growth of P. “cmi’,’. .- n - m .” ; a was stimulated RAD I ATION GENERAT I NG MA CHINES (MEET I NG AB-
b-~ i r r a d i a t i o n  at the frequencies if 1 ,400-1 ,500 STRACT) . (Eng.) Baker , R . . 3 .  (Univ. California ,
M:i ,  39. 450 MHz , and 39,600 MHz . The radiation had San Francisco , CA 94143) ; V reeland , V .; Smith , V.
cons i derab le bac tericidal effect on both species at ii. ~~~ P~~; , t .  31(6): 530; 1976 .
39,555 MH,, . (9 refs.)

When us i ng radiation therapy to t reat cannc.’ r patients
with imp lanted cardiac pacemakers , there ‘may be con-
cern about the possible electroma gnetic interference

EFFECTS OF EXTREM E LY LOW FREQUE NTY ELECTRO - ( E M I )  from the radiation generating machine with the
NAIINET1C FiELDS ON GROWT H AND D I FFE R ENT IA-  norma l f unc t i on ing  of the patient s pacemaker . For

t ’ ~i OF , ‘~!i’,A . ~.” i~~~Y ’PP1iE 5~, (tog.) Goodman , E. this reason , a se t n- f  measurements were performed
- Greenebaum , B.; Marron , N , 1 , (Div. Sci e n c e , on a 4 MV l i nea r  acc elerator. The first consisted

Un iv .  Wl sc o nso n— Par ks ide , Kemiosha , VI 53 14 0)  65 pp . ;  of a survey of the low frequen ca ’ components and entire

~~~~ f 1 ce o f Na val Research , Contract Mo . microwave generating and transport components with a
N- 0 0 0 l 4 - 7 6 - C - O l 8 O ( .  Narda m e t e r .  The second cons is ted  of measurements

emp loy i ng a Tektronix 7Ll2 frequency spectrum ana-
Th~ 

.ff ,1 Is nb extremel y low fre quency el e ct monna ,1ni,’t ‘ I yzer wi th one of two cal ibrated antennae on the
i n 1 i el d s on •~~•.‘ growth in n -I different i ati o n ‘-f t h e  treatment couch simulatin g the patient. A bicon ical
‘ y e ’ -niycet,’ j . ~~,i ,- ,- ’ - r- ‘ol’ - ’. r ’ ,  r were studied over antenna wi t h  c a l i b r a t i o n  data from 20 to 200 MHz

t 
a ~ -yr o r iod . W-a ~ . cont I nuous sine wave (CV) , a l— was avai la ble and also log spiral antenna calibrated

-- n’ -- it in g electromagnet it f ie l d s  (4 5 ,  Inn) , - n 75 ‘jz , f ront 0.2 to 1,0 GHz, For frequencies below 20 MHz,
2.0 C . 0.7 VIm) a f f e c t e d  the c e l l  c yc le  of the myxo— an u n c a l i b r a t e d  l inear w i r e  antenna was used . The
,‘: i~~~im’ t (- by incre a si nn; tin i n te rva l between consecu- q u a n t i t a t i v e  r e s u l t s  of these mne asuremmme nts are given ,
tive nucl ear divisions. The m i t o l i c  delay was re- as w e l l  as a b r i e f  r ev i ew  of re levan t  l i t e r a t u r e .
producible , and the time required to induce ‘he (No refs.)
effect was frequency dependent . About 14 days were
required to observe a sta t i s t i c a l l y sl q ni f ii , -ant m l-
t - ’,m i~. del,iy at 45 ~4z CV , . m b - - a t  90 days at 60 Hz CV ,
and about 120 days at 75 Hz CV. Cultures “im posed to 4932 TUMOR HYPERTHERM Y BY MEANS OF RADIOFI4EQUEN-
a modulated 76 Hz s igna l  (0, 4 ‘ . 0. 14 V/m) also CV IN ORDE R TO ENHANCE ON COLYSI5 BY CLOS-

~ *hi f , ite-l a m l t o t i c  de lay ,  i nn contrast , plasmo dia IRIDIUM BUT YRICUM (STRAIN M 55) . (Ger .) D e tze l, I’ ,

~.m posed to CU fields - 1  similar int e ns i’ -j (0 .4 C , (Ab tellun g Nuk l earmed lzin . Zenn t ni-n fun Radloloq ie
0.15 V/m) fur 180 days failed to d isplay a m it otic des K l i n i l u m s  den Justu s -L l ebig- U niversita t , 63
-Je lay The introduct ion n i t  cu ltures already d i s- Giessen , t r iedr lchst ra sse 25, W. Genmn ma rm y) . Ge ric k e .
plai in q a m l t ot i c delay i n t o  ‘-it he r a control en— 0.; Kon ig, W :t r.;;n -n: .j, .r.,,~~ ,- 1 52 (6): 53 7 - 5 41;
viro nrment or in to a field about fIve times weaker 1976 .

I-.., thin that used for Inducin g tb ’ d e l a y  resu l ted  in
the dl- ,.m -a;mea rance ‘ i~~ the delay within about 40 days , The effec t of shor t - h- rm loca l hyperthermia Induced

~~ Indicat ing tha t  m l -  e f f e c t  on th e m l b n n t i c  cycle was by high-frequency edd y current fields (461 MHz ,
n e v e r -  ib le , Continuous exposure to 45, 60 , and 5 150 W) on the oncol,i tl c ac t i v i t y  of ~~?, ‘ c n ’n’ f  !:‘cmp

Hz CU at 2 .0  C and 0 .7  V/m resu l ted  In a 7-15* re— : i ’ ” : ’ ’ ’ :a ” ( s t r a i n  H 55) was studied in female NMRI
tarni ation In the rate of - - n ~a t le streaming in P. t ’ol y— m ice w i t h  tumors of the neck (transplanted solid

- ‘- : : o i rnm. A t 75 Hz CV , al terations i n  the st ream- Eh r l ich  carcinoma , Hardl og-Passey melanoma . amid
i - i ;  ,ni -r io d occurred several weeks before ~ i qn Ifi cant m ethy lcho lanthrene-induced flbrosarco nma ) - The

n 
dev i- ,m ions in the m i t o t i c cy c l i were noted , and i t  tumo r temmm perature was increased to 42 -4 4 C f -y m I ni’
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lo cal irradiation , which was fo l lowe d by ln t rave  ness temperature exh ib i t ed  by the IrradIated spec i-
nous app l ica t ion of C. 7:.’ , :’: ‘ - .‘- - spores 12 hr later , men , at the t ime of field removal , was largest In
The animals were sacrIficed 5 days after the injec— the first two experiment s and minima l in the third
t ion nit  spores . The ra tes  of oncol ysis achieved in experime n t. This result , al though difficult to cx-
anima ls with Ehr l icn carcinoma . Harding-Passey mela- plain in terms of a tissue dielectric heating effect
noma , and fibros anconnna were 61 .31% , 84,09. and 22.4% , alone , appears to be a condi t ion or an adaptat ion of
respective l y, vs 27 .C54’. 14 .77-’ and 1.16% in the the anima l to the external stimulus . The radIo-
contro l treated with spores only. The corresponding meters used In the above experiments Included a
t~~i-mim in wei ghts were 1.27 g, 0.14 g and 1.85 9, respec- correlation type and a Dicke type , operating in the
tive l y ,  vs 2.36 q. 2.49 g and 2.29 g in the control. X-band at about 9 0Hz with a sensitivity of about
The findings indicate that short-term hyper thermia, 0.1 Kelvin. (48 re f s .)
produc i ng anoxic necnobiotic cond itions , sIgn i fica nt-
l y enhances the onco l y tic activity of (‘ . butyrictum
N 55, (10 nets.)

4935 PUBLIC HEALTH HAZARDS FROM ELECTRICITY-
PRODUCING PLANTS . (to g.) Neyman , J .  (Sta-

tistical Lab., Univ. California , Berkeley , CA 94720).
4- ”1 7 PROTECTION OF WORKERS OPERAT I NG HIGH-FR E- :‘c’~ .-nc’,~ 195(4280): 754-758; 1977.

QUE N CY I N D U C T I O N  H E A T I N G  EQU I PMENT . (Rus .)
Ku l i kovskaia , E. L. (H. I . Kal la in  Pol ytechnica l Problems i nvolved with determining safe levels of
Ins t. , Lenin grad . USSR ) . :;:‘ I . ; r ,  ,t- ’p,n ’, :iil-- —Z, ( I I ) :  human exposure to rad ia t i on  are discussed in connec-
47-48; 1976 . tion with potential hazards from electrica l power

p lan ts .  Cur ren t l y  a v a i l a b l e  e s t i m a t e s  of rad ia t ion
Va r ious sc ree n desi gns for industrial inductive heat- effects on humans are based on extrap olations from
in9 units were studied to estimate their irradia- studies of two kinds; those exempli fied by studies
t ion protec t ion e f f i c i ency  for wor kers.  C y l i n d r i c a l  of Japanese atomic bomb casualties and laboratory
in duc tors should be screened by means of two concen- experiments with lower animals. The unreliability
tric semicy linder s, and tine screen material should of both kinds of extrap olations is connected with
be aluminum a l loy sheet with a minima l thickness the following circumstances: the phenomenon of
of I m . The elec trical resistance of the alloy competing risks in the environmen t , t he  dependence
shou ld be c lose to tha t of al um inum . Sig ht g lasse s of heal th effects of a g i ven noxious agen t on the
should be me ta ll i zed to protect workers from the preexisting local po l lu t ion , the dependence of
elect rica l component of the radiation. (No nets.) health effects not onl y on the dose of an agent

but also on the ra te  at  which the agent is adminis-
tered , and difficul ties in —- m aking extrapolations
from one maimitia l to another. The need for ep id emlo-

4031, M ICROWAVE RADIOMETRY AND ITS POTENTIAL AP- log ic studies of radiation effects is stressed , in
PLICATIONS IN BIOLOGY AND MEDICINE : EXPER” particular in such areas as Rocky Flats , Colorado ,

IMENTAL STUDIES . (Eng.) Bi gu- 1e1-Blanco , ,n . (Anatomy where increased ma l format ion frequency in domestic
Dept., Queen s Univ., K ingston , On ta r i o , Ca nada) ;  an ima ls  may be due to the presence of selenium in
Romero-Sierra , C.; Wa tts , 0. 0. !- “ T i ~ 

‘ “c ‘r m ~ 2: 298- the food chain or to other sources of contam i nation ,
316 ; 1975 . such as a nuclear facility i n the area . (20 nets.)

Microwave rad iome tric experiments were performed w ith
humans , ra bbi t s , ca ’ s , mice , rats , guinea pi gs , and
-lant tissue . Tb~ experiments consisted of measuring 4936 EFFECTS OF NON-IONIZING ELECTROMAGNETIC
the bri ghtness temperature under normal conditions , RADIATION . (Enq .) Mints. S. N . (Joint
under the inf luence of some drugs , and under the in- Publica tions Res, ServIce , 1000 Nor th Glebe Road ,
flue nce of ‘microwave radiation . In the latter case , A r l i ngton , VA 22201) 100 pp.; 1976, tava il ab ie
brightness temperature mea surements were init i a t e d  through National Techn i ca l Information Services ,
3 sec af te r  removal of the microwave f i e l d  to avoid Spr ing f i e l d , VA 22 16 1 , Document No. JPRS-665l2).
i n t e r ference from e lec t ron ic  t r a n s i e n t s .  Radiometr ic
si q natur es nn ht.i ined for the ibove specimens indicated A compilation of various articles on the effects of
tb, feasibility of usinq microwave radiometry to de- non-ionizing radiation on humans and animals is
tect radiation emitted by bio loq ic systems at mIcro- presented . Topics covered include : the effect of

frequencies. In one experiment , wtsen an anes- microwave emission on the content of Iron . copper ,
tbc t i zed rabbit rece i ved 2.5 mm of microwave radia- cobalt , and metallic proteins bonded with them in
ti on i (30 mW/cm2 as measured In free space) , an In- organs and t issues of test animals ; cerebra l and

~~~ 

- , cr .- .ise in br i ghtne ss temperature of abou t 1 ,8 Ke lv in  peri pheral c i r c u l a t i o n  in persons handl ing sources
was observe d. Th is increase d im in ished  rap id l y  in of u l t rah i gh radio frequencies (UHF) based on the re-
an exponential fashion , reaching an almost stead y suIts of rheographic examinations; changes in the
value is, about 60 sec after the microwave field was membrane potential of nerve cells of isolated gang l i a
‘,w it - , he-I off . Dur i ng three sets of experiments In- in the mo llusk P1 in~- rH .-m “~~ ‘i~ - - a  under the Influence
vo lv i ug  the i r r ad ia tion  of an unanesthetized rabbit of a UHF elec t romagnet ic  f i e l d ;  the e f f e c t s  of ion-
with  30 mW/cm2 of mic rowave r a d i a t i o n  for 3 m ni n , the i z ing  rad ia t ion in combination w i t h  microwaves on

‘1 ‘-
~ s t e a d y - s t a t e  b rig ltness  temperatures ob ta ined  a f t e r  the permeability of histo-hem atic barriers; the in-

removal of the f I e ld  were p r a c t i c a l l y the same for f luence of super hi gh frequency (SHF) electromagnetic
cad - experiment. Howeve r , the increase in bright- fields on the capillary bed , parenchyma . and blo—

_ _ _ _ _ _ _ _  -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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chemis try of the rat testes ; the effects of exp en i- effects in animals can then be appl ied to those cx -
menta l tox i c  h e p a t it i s  and microwav es on the func- pected in humans , since the biolog ic effec ts due to
tion of hepa tic and renal mitochondria in the rat ; irrad l a l ion are expected to be a function of specific
the ac t ion  of SHF e l e c t r o m a g n e t i c  fi e’I ds on human absorbed r~~ier . (20 refs .)
erythroc ytes preserved at low temperature ; the ef-
fects of SHF fields of different intensity on the Ibalance and metabolIsm of copper , manga nese , mol yb-
denum , and nickel in exper i mental animals; the ef- 4938 STUDY OF BIOLOGICAL MEMBRANES ORIENTED IN
fec t of UHF fields on pathogenic microorganisms ; A HOMOGENEOUS MAGNETIC FIELD . (Eng.)
the e f f e c t  of UHF f i. ’lds on the course of hyperten- Becker , J, F , (Ph.D. di ssertation , Dept. Physics ,
s ion in humans; the e f f e c t  of a low frequency pulsed New York Univ.. 1976). 158 pp. [available through
elect romagnet ic f i e ld  on ra t  testes; hygienic evalu- Xerox Unive rsity Mic rofilms , Ann Arbor , M I 48106 ,
at irns of the effects of medi um wave electromagnetic Document No, 76-19, 4 83) .
fields i n populated areas; the effec t of microwaves
inn blood serum butyry l cho linest erase a c t i v i t y  in L i v i n g  cells in aqueous suspensions under normal
rats; the effect of microwaves on the function and physiolog ic Conditions were oriented in a homoge-
struct ure of hepatic and renal m itochond nia of rats ; neous magnetic fie lø of 10,000 0 or more. Pho to- 

imental , cli nical . and ep idemio log ic  s tud ies  of syn the t i c  a lgae ( ‘ ;‘ - r’ .- ‘ ‘~~n i ’ - i’ ‘ :, - .~‘2 , . -~ n ’-n~ -~~ ~~~~~
t he  health hazards apd biologic effects associated - ‘“ - -

~~
‘
~~~~ 

and ?-o .-~ - - : nV ’ , ‘r ) . photosynthetic bac-
wi th microwave exposure; the n-ffe ct s of SHF fields ~~ 

te r i a  ~~~~~~~~~~~~~~~~ 7 ~~~ n ’’ n’ :’s and P. , ‘i ?:’n - ,
enzymatic act i v i t i e s  and pyr ic$oxin e levels in the sp irmach c h lo r o p la s t s , and bovine visua l rod outer
organs of white rats; metabolic disorders and liver segments were oriented, The orientation was caused
func t ion  in ra t s  exposed to low frequency pulsed by the i n t e r a c t i o n  between the magnet ic f i e l d  and
elec t romagnetic fields; studies of the di ges t ive the i nduced diamagnetic moment of ordered cell corn-
sys tem in workers exposed to the effects of UHF d cc- ponents having an ani sotropic diamagneti c suscepti -
tromagrsetic fields; hyg ienic inves tigat io ns of work- b i I i t y ,  The aromatic amino acid residues of membrane
i ng condition s dur i ng the hi gh frequency heating of proteins or the chloroph y ll molecules were the most
m e t a l s  and Sem i conductors ; the effect of microwaves probable source of this ani cotropy , depending on
on the metabolism of trace elements , me t a l lop ro tei ns , the type of cell . Cell orientation was monitored
and ind ica to rs  of o x i d a t i o n - r e d u c t i o n  processes in by observ ing the p o l a r I z a t i o n  of f luorescence and
r a b b i t s ;  and the use of microwave therapy for treat- the linear dichroism of order cell components. It
ing ‘if l arna t ion of the female human genita ls .  was shown that 51-se who le ce l l  on ients  in the magnetic
(103 nets.) fie l d  and that there was no detectable re-arrange- Jment of internal cellular components at the magnetic

field strength employed , A rhodamine-B staining
techn ique wa s used to show that  the membrane p lanes

-, 1? IONG-WAVEL F’IGTH ELECTROMAGNETIC POWER AB- were ori ented perpendicular to the externa l magnetic
SORPTION IN ELLIPSO I DAL MODELS OF MAN AND fi eld. Studies of energy transfer in photosynthetic

ANI MALS - (Eng.) Massoud i , H . (Dept - E lectrical membranes and studies of the photo- i nduced charge
Eng i neering, Univ. Utah , Sal t L,s ke C i ty, UT 84112); separation occurring i n  pho tosynthetically active
Durney, C - H.. Johnson , C. C . , -~~~~

‘ n ’:’: .’ . “- ‘i- ~
- n ’-ii’ ,~ spinach chlorop las t membranes were al o performed.

r n  - ‘o - - , -  - ‘ M T T - ? 5 ( l ) :  4 7 - 52 ;  1977 .  P re l i m i n a r y  measurements of the e lec/ romot ive  force
in suspensions of oriented chloroplasts dennonstra-

A p rev ious l y deve l i c-n it long-wavelength anal ysis of ted the anisotrop ic absor pt ion pr oper t ies  of the
e I.- ’ t r i n l aOrm ,’?ic t M t  pla ne wave’ irradiation of ci- memnb ranes. (Ill refs,)
Iips c idal -~ in In - ls n f  humans and con- r im n enta l an ima ls
was used to out ain quantitative tt i ,’o r ,’t ic e s t i m a t e s
of the average spec i f i c  absorbed [M power and EM
~,ower l s t ni ~~ .ti n i m-m’, w I t h i n - , th~ model - The EM specif- 4939 EFFECTS OF WEAK ELECTRIC FIELDS ON BEHAVIOR
i~ power absorp t ion v a r i e d  s i g n i f i c a n t l y w i t h  the AND EEG OF LABORATORY ANIMALS.  (Eng.)

n n r i- - rt ,thi0 Of ft.- e l l i  1n ç n n i j  a s is i- i  the incident Gavalas—Medici , R . (No aff i l i a t i o n  g i ven) . :V~~~t’o~ ,’:
’ . ¶

f i n d .t’ tors and aI~ o w i t ! ’ - li, -qnnn’ni , -f , size , and Rea. Prop. 1,~,,7 ’ , 15 (1): 27—36 ; 1977.
d i n - I e c  S r i  c p r -p ,  i ’ es if tb, e I i n p ’ .- n ~ d - Ilien ri ’ t i c
d a t a  ,..rr,’ obta ined 1 - n , r  th~ avera ge s i e i  t i c absorbed Experiments dea l ing  w i t h  the e f f e c t s  of extremel y
- - na- n ‘or s -  d i t  F m - r n - n t  am ienta t ion s of the ch ip- low frequency (ELF) electromagnetic fields on re—

~ n n i - t  wi th r .-- .pi’i,m to the i miC n l t ’n i t plane wave field action time and task performance are reviewed . Our-
vec tors; tin ,- strongest al ’, r c n t  ion wis found when the m g  expe r iments  where hi gh and low frequencies (2 -12
.-le, tr ~~ ~~,- Id vector of sb. in~~id~ nt p la ne wave was Hz , 4 V/rn [roo t mean squar eJ )  were presented in a 

- the longest dim ension of the e l l i psoid. Curves double-bli nd test to each of 29 human sub jec t s , the
o!nnnn i msg t i n, - d i st n ibut ion o !’ absor bed power ins ide  the h i gher frequency of each pair resulted In a longe r
model and the an~erage ah’- -ir ln , ’ -t pnswe r versus f requency react ion t ime . Tests  of four monkeys on an inter-
were presen ted for humans , dogs , ra bbits , rats , mice , response time (IRT) task revealed shifts towards
and monkeys. Theoretic r n - c ul ts for nv i - r a .l s- specl fi faster tA T ’s during exposure to 45-Hz magnetic
-nhs ii rhe d power in rhesus monkeys m e  compared w i t h  f i e lds in some of the animals during some tests. Jexperimental data on live rhesus monkeys and found Ex per iments In which three monkeys were traIned to
to be in agreement. The quantitative data presented press a lever for fruit Ju Ice reinforcement and then
can c used to estimate tissue power absorp t ion  in t es te d in 7-Hz (7 V/m (peak-to-peak) fields revealed
experi me ntal animals and man . txtraoolat ion ~ EM a s ign i f i can t ly shorten average tAT In the presence

30 ‘l
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— - -I the f ie l d  for it least two of the monkeys. Sets the nucleus centrum med lanum and 10 Hz in the pre-
of electroenceph alogram data selected from the be- sy lvian gyrus. In the other animal , two concu r ren t
ginning and end of the tn- s t  ing oc, rnd~ ~nd corres- patterns were selected : 13 Hz in the caudate nucleus
pood i ng to correct (I.e., pr ope rl y ti’i,ed) and in- and 4 Hz in the centrum medianum . The spontaneous
correct responses revealed ‘.t ~~ St i cal l y s i gnif icant occurrence of one se l ec ted  rhythm was used to t r i g -
j ifferences in data select.” : from the hippocampus ger the VHF fields , which were amplitude misodulated at
near the end if the run , w i t h  the appearance of a the same frequency for 20 sec . The results clearl y
s p e c t r a l  peak at the f i e l d  frequency of 7 Hz .  S im- ind icated that  the f i e l d s  were ac t i ng  as re info r cers ,
I Ian cape r ,‘nn.nt s i nvolving the exposure of five increas m g the rate of occurrence of the i n i t i a l l y
monkeys to frequenc i es ranqin g from 7-75 Hz and spontaneous rhythms but onl y when modulated at fre-
voltage qradients rang ing from 1-100 V/rn showed that quencies close to the biolo g i c a l l y dom i nant fre-
at 10 V /~’ the 7-H/ fiel d was associated wi t h  a re- quency of the selected intrinsic EEC patterns. The
duced average IRT . the -‘ n e’.-- IRT across a l l  five animals results support evidence that the modulation was re-

J 
was about 0.12 sec shorter than ft’ control va l ue . sponsible for the specific EEC enhancements seen in
Nei t h ,’r 45- Hz nor 75-Hz fields produced a si gnifi- both experiments, (No refs.)
cant cha’qi’ at this voltage level . At 56 V/rn , (s i g-
n ificant di fte r en e ,’- , (atm -m ost three times as large
as  those seen at 10 V/rn (7 Hz)) were observed for
both 7-Hz and 75-Hz fields . Data at 100 V/rn m di - 4941 BIOLOGICAL SIGNIFICANCE OF ZERO MAGNETIC

rated that field exposure was affecting control FIELD CONDITIONS AIID PERTURBATIONS OF

t ests that occurred 24 hr later , Overall , the re- MICROWAVE FIELDS BY LIV I N G  ORGANISMS . (Eng .)

suIts suggest that there may he -) frequency—sp ecific Beische r , D. t. (No af f i l i a t i o n  g iven) . ~ - ir’ - - .~~’ c .

threshold for weak ELF field s; sensitivity to 7—Hz - . i t  - • ,~~~~~ i - 15(1): 100—103; 1977.

fi eld-s --‘as r i - fle ct the fact that this frequency is .
w i t h i  r’ t’in ’ range of hippocampa l theta for monkeys. The in teraction of weak non-ionizing electromagnetic

A dose-dependency rela tionship also appears to - s i s t fields wi th nervous tissue is discussed , The coup-

-since 1ST sh i fts were much larqer at 56 V / - n  than at 1m g of the field to the tissue is extremely weak

10 V/rn . (No ref c ,) 
- at extremel y low Fre quencies of radiation. It in-

c reases p rogr e s s i v e l y a t hi ghe r radio frequencies,
with the p o ssibility of resonant interactions with
molecular components at specific frequencies above

A MPLITUDE-MODULATED , VtRY HIGH FREQUENCY about 100 0Hz includ i ng dielec tric interactions for
(V$ F~ ELECTRIC FIELDS . (Eng.) Bawin , S. f requenc i e s  as h i gh as abo ut 10 0Hz, As di s t i n c t

M n~ -i~ f ;li a ’ io n g ive n); Adey, w . R , N ~~ -’- - ’  ‘ - ‘ . from the carrier wave itself , th ere is evidence for
- - ‘-:i.

’
,, 15(1) : 36-38~ 1977. the detection of low frequency modulation of the

carrier , apparently based on detector properties of
— T i -  effect of i’-i r- li tude- mo du l ,it .- l , very hig h fre- tissue phase partitions --sod assoc i,itc -l asymm etries

qunncs (VHF) electric fields on conditioned electro- in the dis tribution of fixed C !,,i rn t n --. on macromrtolec-
, ‘ ne n -p tn -, l onir,n’r (~~~r, 1- rhythms of cats was investi gated. m nlar sheets at membrane surfaces , Ve ry weak em-
In the first experiment , fiv e ~- n t s were i n i t i a l l y  treme l y low frequency f i e l d s , with tissue gradients
t r a i ned ‘a pr - -nd . - -i particular EE C rhy th r - as a re of the order of ~~~ V/rn , have been - how,, to alter
sponse a li ght ‘‘ n h . Prior to VHF exposure , the circadian rhythms and subjective timing e s t i m a t e s
five rat s wer - - ri’- trajned . Two ca ts (with conditioned and to be capable of altering the bind i ng n i cal n i um
r ’m .mhm in the li i ppocanpus and nucleus centrum mcdi- ions in brain tissue by 15/ . In p i l o t  studies - ‘

anus”, re”,p ect ivel y) served i ,  controls and were over- the effect-; of an alternatin g m agnetic field n i l ‘n ’

t rained and extinguished in the absence of field. Hz and 1IY -’ weber/m ’ strength in man , a po ssible
The oth er three cat- (two of t hem with hl ppocampal time-delayed increase in serum tr i g lycerides ha -s
ri  - ‘~~ -sod one wift a centrum m edianum pattern) were been rep o r t- - I . Bee orientation em i u i - c  - -~-n t s i n charn-

m a-I ated w i t ’  a 147-MH z VHF carrier (0.8 mmmw/cm 2), bers shielded from the earth’ s magnetic fiel d have
which was amp litude-modulated at 3 and 4.5 Hz (hippo- revealed a sharp i - i  r n - - n ~~n ’ in errorm n-oos orienting
campal frequencies) -sod at hIs Hz (centrum mni edi anummn responses. Na tural nantni - t ic I i’l l ’ , -‘lay invo l ve
Ir .‘qmn .- ncy) during over train inq and ext inction . The transients of as i - -inc h as 500 gamma , nr ,din ut I 0%
Contr - n I  Cats m aint .iine d regular levels ni performance if the - ‘eady level , and bees have bee- n f - u n -! to he
dur i ng th~ t r . ining su-ssions hut never exceeded their sensi tive to a’- l i t tle as 10 gaimimsa . ‘4 in appears Sm
p r ” v i - - njs a ch i ,-vn -- ’ remn t - The n’ xt inc t ion of the r e -  -suffer no il l  ph ysiolog ic or central nervous s- , -,’en-

Spar se in th,’ absence of ~i eId was very rap id as in e ffi n i t s ir o n” exposure to ,‘n’ro maqn t ’tic fi e ld s during
the t ir s t condition i ng . Perf ormance dropped to IsO~ a period of 2 wk. Calculat lons if the field p at t n ’rn
during ‘ i.- f irst sessIon in b ath an i mals, The per- for the interaction of a p lane wav e and a u u n n d u 1 ye
for mani n’ ’; F the irrad Iated animals reached levels cy linder w Ith it s axis parallel to the electr i c
equal or superior m a the ini n i hn ”,t Scores seen in the fi e ld and a cylinder diameter equal so the way,--
fir ct c - i n - I i t i r n n i n - m q , and these high performance levels length have y ielded a reasonable fit  to the observed
persisted for 25-40 days into th~ extinction sched ule, contours f n - r  man , In experi ments with .n conductive
No chanqe was ever e l i c i ii’nl in the EEC f other brain mannequin (life-size with a metallic surface), stand-
S i t - S  not subjected to the conditioning procedure. ing wave patterns closel y resembling t i  fu -un d for
A second Series ni experiments Involved the selec- man have been obtained . It ha-s i,’,’i observed that
tion of two different rhythms in two different brain when the electric field is  para llel to the l ong axis
structures for each of two animals. I n  one ca t , two of the bod y, the structure of the parabolic standing
mu t u al l y - nn c l us l ve patterns were selected : 14 H, in wave field extend s a con sid erabl e di - .tanc~ t n  the
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sides of the body; whereas , in h o r i z o n t a l  po l a n i z a -  a n t l e r s  produced abnormal branch i ng patterns and
tion the sid ,’ Structure is low in amplitud e. This antlers that grew in atypical directions. TI-un s t im-
poi nt ‘u be si gn i f i c a n t  when men are exposed stand - ulated antler tines showed statisticall y s i gn i f i c a n t
ing side Ns side, (NO ref . ~l reductions in length and diameter. Moreover , the

stimulated antier tines showed a si gn i f i can t reduc-
tion in the rate of long i tudinal growt h during the )
antler growth cycle. Meas urements of the electric

- . 2  T v / F  ~FF (CTS u)I LOCAL l I ED MIC P - mn ~~An n 1  EXPO- p o tentials on the antler showed that the most nega—
SURE ON THE DOG TH YR O ID. (tr iq,s M .i ii n , tive potential was associated with the most meta-

R . L. m P H .D. d i s s e r t a t i o n , Dept . Radi .i t lon  Biology bo l i c a l l y ac t ive por t ion of the a n t l e r , name l y,  t he
and Bioph ysics , Univ. Rou pu - s t e i , Roc/i ,-st, -r , t~Y - l°76! ; growing ti p. In reference to the antler base , elec-
1fn 5 pp. lava il ab le t i n r u ’ u n ; f -  ‘ rox University M cr0- trical potentials recorded from the antler indicated
‘ll rns . Ann A - m m , MI 48106 , Document Hi- 76- 6 . 911+) . an electronegative potential at the growing tip du r-

ing most of the growth cycle. However , as the ant-
The etfe ct~ ~ f loca l i zed cuun ,tinu o u s wave m i c r n m m ~,nv ,’ Icr matured , the t i p  became l ess  negat ive  and ap-
(2, 4’- GH,) exposure rur~ the dog th y r m nid g land w,-r” proached zero potential when the growth process
studied. Pu. ’l i’ mr nnary emi pi -r ’ii- un ’rn ts demonstrated that ceased , This decrease in the electronegative poten-
the t lu ,r oid gland ten - ;-n rat e ’ne - could not be el n ’v-,ted tia l of the growing antler t ip paral leled the de-

- than 1 C  wit /r out s f —e r n i tll y ulmu ’n. i ging the s k i n  creased long i tud i na l growth rate. Bone labeling and
and in : ~en i ng tissues .-,hm’m n a die Icc t rica I ly loaded sn n !’~.”i;Oe’r t bone dynamic studies of the cortical
wave—guide app l u- ~~ t n r  was loc,sted on the ventra l osteons indicated the following : osteon wall thick”
sur ’-l c” ~- f  f tc ni-r i - Exper ’ -~.- - -t  - d e si n i nm e-l to assess ness in experimental and con t ro l an tlers was not
the ,- I fec ts if rm crowave C’/’n-’- u r ”  fo l low ing  s t i r ’ u u l i - s i gnificantly different; bone formation rates in the
n ion i f t he release of  t o ta l  p lasma thyrosd oc (T 1s) s t imu la ted  t i n e s  appeared to be decreased ; and
w i th t h y r u n i u — s t i m u l a t u n q  hormone (TSH) could not be osteon formation ti m e- in the stimulated antlers ap-
Cnindu c - - / ~ since a / Onl coo t m l  gland response was peared to be increased . Chemical and gravime tr ic
not es /i ! u - .1 im’ n I Therefore , t he response of the anal yses revealed that bone formed in stimulated
t !~n u m i u i u !  n,L and wi thou t  the a d m i n i s t r a t i o n  of TSH was ti ne-s wa-s similar t i  bone finrme d in nonstirnulated
- ‘udied , Cannulated g land -s were allowed a I-hr t i r e s , m~u - consistent his t - u l ogical or histochemicah
equilibration period Foll owed by a 2-hr exposure differences were found between experimental and con-
‘(-ni i uil Sinus ” exposure experi mmn’ctss showed that both trot antlers. (190 refs,l
of the g lands comp ri sing the dog th yroid released
T4 at a r el at i vn - l y  const ‘nnt r , n t e for the 3-hr exper-
ime ntal pen - ui . Dun n- ; the i.~~,,n n - ,ure period , t h e  

EFFECTS OF C C R ~ I.IAV’ RADIATION ON APLYSIANheated glands were ‘n a i rt t ,u i n ed at about 39, 41 , or - 

GANGL IO N CELLS. (Eng .) Seaman . R L.45°C by the absorpti on of 58, 1 3 1 , or 190 W /kg of (No a f f il i a t i - n n  g iven) . Ve :un - - ul ‘ - ~ . 1 - n .m . ~~~~~~~~ ~:u- ’/.mmm i - ~-u -uv e n n u, p, - The th y m n n n , i n e  re lease ra te  wa s
15 (1): 45-48 ; g 7 i .determined from’. the dIffer ence between the 14 concen-

tr ,sti on in t’~~ th yroid m n- i ns and fernoral artery.
Comparative studies in1 rn i rmnw.s vm ’ im n ,1 therma l ,- f f i c t sthe th yroid vein blood flow , and the henmsa tocrit.

Th~. tt nu r ox ine release rate was increased during the , -on 4t ~:iu-’~ u ganql ion ccl Is were’ per f irmed , Ganql I -
o n s c  warmnng  was produced convect ivel y by f lush ing, ‘x-,sune pen  iod to 150 , 350, and lOOO~; of the equi-
warm water throug h an enc l uu ’,pul space surround i ngh ibration p er iod averages I’m ti ’, three temperature
the chamber housinq th e - -i- ~~’-~~

l ion , Microwave ire—‘;roups tud i ed , T b n - blood f low ~ua’~ inc reased to
11+0 and ‘1702 of the e q u i l i b ra t i o n  per iod  ave rages  quenc mes of e i ther 1 .5  i nn 2.1+5 0Hz were used either

as a con tinuous wave (Cw) s i gna l or as t r a i n s  ofi n g lands , ,‘ated t n  41 -sr I ~‘, - r e s p e c t i v e l y .  Con-
tra lateral c o n t r u u l  ql ammd s m a intained a constant th y- pulses. T u p i  a l l y, bot h CW and piked microwave ir

radiations, as well as circulation of warm water .i u u u n i n e  release r i t e ,  These m. - - m I t s  demonstrate that
caused a decrease i n cell firing rate. Less ire-local hea t in ns , f  tb. thyroid gland can sti m u l a t e

i~~~ tr t h y r o i d  g land blood flow an d the r- -l , ’ ,s o’ ~ 
quentl y the mic rowavi- fi~’l d ,in,-1 subsequent heating 

-
~

t h y r i -x ine , (57 reis.) produced opposit e eff,’u t ’ .. A total of 55 different
cells were tested w i t h  microwa ves ; no difference
was noted in tb , effects induced by 1 .5 0Hz or 2.45
OH, nor between tb, ~ ff’ -< t ,  of CW and pulsed radia-

-u - - - DIRECT CURREN~ STIM ULATION OF THE GROWING tion for the majority of observations. Convectivel y,
DEE R A N T L E R . (Ing.) L u k e , F . T. (Ph .D. temperature changes of 0.1—2 .7°C were found to af—

d i - , n ’rta tiOn , Col orado State Univ. , 1976) - 207 pp. in-ct the firing rates of white c e lls. E f f e c t i v e
(available through Xero+ Univemsit y Mm ro fi lms . A~ n ra tes  of temperature change ranged from 0.004
Arbor . MI s;-~tO 6 , Order Nm- . 77-11 75 ). O.l8O°C/sec . Ir r a d i n t  ion temperature increases were

dup lica ted by convective heating in 19 white cells .
In- ’ ,- f~ ,-~ ts of direc t curr ent (DC) st n’nuu lation on and some cells that showed a con sistent firing-nate
t u nn~ regeneration m d  bone growth of m a t u r e  Rocky decrease with increasing temperature exhibited in -
Moun tain mule deer (m!~~’~~~ ’ - n ‘nt

’ m u,, ’ fa r- - - ’ u - - ,. ’ )  creased firing rate during microwave irradiation.
antln- r were i nv es ti uli t n ’ ui . Direc t u n u r r , ’ m n t ’ , i i i  0 .066 , A rapid change in f i r i n g  rate was often observed
0.05, 2.0. and 3.0 ann- t n were used , with tb. c,it! uu n ’ l n -  at the cessation of irradiation , and these changes
a t t s i ’n-al to the growing tip of the antler and the were generally sim i l a r  to those occur ring w i th de-
anode attached near the an tl ,r base. The longt~~n’m crease d t , ’n rn m n , ’r ,n ture . Howeve r , decreased intersp ike
appH catl on ui low l evels of c,mthoda l DC s- i growing i n t e r u n I , as seen in some white cells at the onset
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~ f i r rad ia t ion , was never produced by a simple rke /u i 4 6  T H E R A P E U T I C  USE OF A LT E R ’ I A r I N G  ‘-‘A r~m 4mTl C
in environmental temperature . Li kew i se , a decreased FIELD IN THE TREATMENT ‘)V PATIENTS WITH
in tert- ur st i n t e r m i t  in bur tt ,-r i n - t I s  at the termina— CHRONIC DISEASES O~ THE VEINS OF THE - u W E P  LIM B S.
ion of irradiat ion w a s  never ; , mu n f u uce d  by arm en- (Ru’ . )  Pasynkov , t - I , i

~t, , -t - ‘ l r rmi- r y, 14. I . Pi ro-
vironmental temperature decrease. Both white cells nJ ’ uv  ‘,‘n u nnl ‘~, ~- - ~~ - . Mi- - l ica l I ’ m  - , Mi- -Cow , U S S R ) :
and burstens .-o’rc tested for their sen - sit ivity as K n n n s t a n t i n m n i v , i , 0. 0.; V I - u s iv ’ s , E. I , y - .. 

~
,

expressed in the lowest e f f e c t i v e  absorbed power ‘“ :: ‘ e, ‘ , - - , i’ ’:, ~~~~ ( 5)  16-1 9 ; 1976.
(LEAP) . About 50% of the white u c l l s  exhibited a
LEAP less than 15 nW 1

~~r’ , and 3O~: were sensitive to .A total i f  271 p a tient s with chronic venous in~~uf-

absorbed pni-u i .m - . of 10 ntW/ cr ’ . Combined da’ ,m for fici er ’cy, varicose veins , and Erop hic ulce r of th e
whi u ’ ce ’ l 1 - - mmmii E’ur -, t i ng cells produced a reqres — shin u-ni - r - tm -ì ted with - ii t n - m t  ing - ;,uu i r o t m field
si r mn that - u I ~~E predict 0.12, of the cells to be if -  (15—20 mm /day, c m m u r ’ ,es ml 20—20 sessi on’.). Good

~ e - t . ’! by Inn absorbed power - - 1 1 mW/cm 5 , The ef- therapeu tic results were ach in - -v ”'d i n 236 cases ,
f u-~~t s of ex trace ll u ian currents introduced into the - - .it i s fa ct ory r e s u l t ’ , in ~~u , and no effect was ob-
test ~bar’-ha’r were also tested to establish the served in one u - s e ,  n/hi-n the interval lie tu. n acute
sen s i t i v i t y  - f t ‘ii” u-uh I te ccl I t i  these - - t I mul i . For phlebo thrombosis and t rn’ s Ement was short , tf- - EN ema—
direct current, t N -  l ,srm sest c r i t i c a l  value obser-med peutic u e s u l t  wa-s better. I ’— some cases , good me--
inn 12 -,~- h i t n - -  cells snn,m S 20 A , which y i elded -.u c urrent suIts en,’r” achi eve -f onl y after a econd therapy
densit y ci i  1 1 0 AI r- - For alternating currents ‘f course g iven 6 no - f t . ’  r ! u -  firs t one . Mum . t i c
10 Hz , IOU kHz , i’ m- . I i-ii-4 ,’ , the c n n  ica l values fan fiel d  therapy is ind i cated f i r  ft treatment - f
one w hn t ~ cel l wer” 11 8 , 3. 730 , and 8,250 A/cnn - i_ I l u l i t is . in - s - ~ - c i at ion with m it h em ther u - sp n -nmt u c
( r u - i t  “nm- i n su~n uum re) , respect ivel y. (nu n m u - i s - ) methods , and in the ;n - -~ l’s - -, is of .n u n st operative

com p l ica t i ” r ’ s in pat i i’ r t  -~~ -~i t h  varicose vein , i--u l
‘ ri n— ’l- - - i c conditions - (3 m - ,

~ ‘Sb EFFECTS 01’ A L T F P H A ’  (~l - ’ u’1~ C,1iE TlC FIELD (12
GAUSS) ON TRANSPLANTED NL,JROEI I Ae- TOMA - S 4’n 7 put -lu -TH E RMAL HAZARDS OF EXPOSURE Iii RADIO

(Eng.) Batkin , S. (John A. Burns Sch . ‘1 - - i c  in ,- , F R E I i i N i  V m I E L O S . nu I C R O W A V E  STUDIES.

Univ. Hawaii • -l rm n u i t - i i  u • HI °6322) ; T u b - m i . - L . (t n n i  I - ck n .- , G. if .; Hell er , J, H . ; Snyder , E.
- - u’ : ~ ‘ - -

~~. 
‘, °, - ,-- ~~‘ - 1612) I I -  (TN,- N. ’., Eng l and In s t ., P .O. T , u w  308 , Ridqefie l d , CT

36 7 ; l”i77 . 0i~~~7) - 
u u l  pp.; 1975 , ava i l iE-Ic through S i r  i ona l

Te-. ‘-‘ u i e.m t I ‘ - ion S ,-r -.-i cu ’-,, Spr i -n - f i e ld , VA
A t o t , i t n mf 10 A/J f,--- u ,ul e mice nea rin g Iran -sp l a t  ~t2 l 6 l , Dn u u: ummment H- AD AO1 93591 .

1’ neuroblastoma (Cl300) were exposed t ; m  a 12-C , 60-Hz
magn etic field for 16 days , starting 3 - I n , -  ,mf t,- r C v t on t i c  ,r’d ,4,’-u p tic te ’st S o f nonthe’rma l hazards -

Z. t uunor transp lantation . At 19 - !umy’~ ;e ’ ,t - ransp lan t , us s oc i a’ .- . ! ‘ui th - - - -‘ and ~n ‘ - exposures (10—
mac roscopic -soil microscopic eva l uat - - r i -  i f  th u’ so- 500 - - nWi ~ - n m - r a g , ’ fi eld power densities) to radio-
-‘n -irs were performed . The visi ble gm ’s-t N rate -I the l m n ’ - ; u n ’nnu ues in t i-m n ’ u ..yi MHz range inn! microwaves in

~ 
tumors ,,-ms slower in the 15 mic e u’ uu pens.’d to the the ‘- - - : (9,345_ 9,Lu flS niH?) and u-band (23. 800-
magnetic field than it un.u’, in . , n n - u t l n i - r 10 - u - h c - m r —  26 ,270 ~‘4u-4’ u  r i-m g , ’ were performed . Radi- nl r eu;ue’neie s

nu~ control mi ce n et e* 1n , ms , -uJ  to th ,- maq mn e t i , field, in the 15-1+0 11Hz range - re effi ’n t ive in i n h i b i t i n g
For the exposed group, thn - r ,  were four e v i u i i - n t  t - ~ - rmi to s i s and in produc i ng chromosome ,mt nm , om n u ,il i t i ,”~, i n
- - x - r - , at day 6 and 6-7 and vi si bl e t u u ’ - n - n r - , at lay 8-9; huma n l~~ t’il’!ii c n t 5 ,n n ,u j  In Chine se h ,nr-s t u -n l urng cells
visib le tumors occumm e - 1 n a i l  lO exposed - s- n i ” r ,ils in cultur e . Si gnifica nt incm ,’,nse’ s m n chromosome
I, ; - m n ’ ,t - t mann ‘ p t ant day 10- 1 1 - This - ‘ n t i - i - - ted w i t h  abnorma l it i es occurred fu ll cnw i n u t i r radiation at 21
the -n n ; ’ -  m m  nni u ‘ - of vis ible - 1 r - u n n t  l’s i - - a I I 10 cons no I 25, ai m ut 40 n-~ii,. ‘: :‘ ‘t-’- - t rca tn- u .n i t  - ‘ f Chinese hams t em
mice rec eiving t n - ’s i transplants by the S m h - E t h  posE - bone nrn, m r m m - - and t, ’st i cu l ar ce lls at 20 , 2’- , 30 , and
t m s u u ’ ; u  ant ‘!i ~~~. Tumor at’i - ; t - t s  in - o I l ,  qrrm u m ;i ’ . of mic e 35 MHz f - n  l ’l’ d i v  induced si gnific. s nt increases in
n - e r -  not S i n ,,, f i c a nt ly di ‘f-rent at t b  1 5 t h  p o st— aneup li m i d  and pol yploid ni - I  Is hut v.rr~ few chrum nmr —

‘r - , ’ r- ,n u lan t l u - ,- , Microscopically, two distinct his— - inns’ bre nt- ,, I n born e marrow ce l ls , IN,- percent of
t n - lo g ic di Iii’ n,.ni :,. r i ~bse - sod ! n m ’ t n - u u ’ i mn - abnormal cells mi’ .mched as ni g h is 1 .6~- as compared
t urwnr - ° n , m r Inn r m r i u - u. m im I con t rol u ~~m r _ n or nut ‘ - i c , -  - with .i maximum of 0.6- inir control ccl Is . A stronqer
E~ pcnsed mice had more i n - ’,- red blocid cells in t b~ - effect wa-s observed in - ;u ’ - - cells where 25 f the
t ij rxmr m r . - , - and s’i ius n’ml a t ” n u l , - - u n,y toward focal tu— cells i r , ,u uli ,mte d at 35 -lii ,’ f u r  b7 hr were abnorma l
m’xir cel l  nl,’S truc t io fl , T in n conmmmcin fu’ , m t u r i - s  were- en - — as u u n ’ l ’ i , uu .’ w i th  1 . 1  for i u i m m t m n n l  cel ls. Corneal
hih i t,’f by t i -  10 tumor-bearing mice exposed to thn ’ e pit l in ’ I i - n i ’ -  and hair follicle cells were rru ’nium t i ve to
min’t nnr t Ic fie ld mim i iv anot frner 10 r n- , m n — t  u j n - n , u r - l u , - -i m i n i m  - , uuc i n  exposures. Bra in ccl l of -“~~~, ‘. . 1-h-~ ~it “u,’ ’ too—
mice ,i l scs exposed to the u ’ m,mn s n - i ’ t  Ic f ield; both of sm ut ‘.-r larvae al -so ‘ m u o n - i  no cv len ce nil nond i s ju nc-
t m , , ’ ’ ,n’ n j r , i  nips n-icr” --u n,” acti vm ’ m hun t t usmso r —bearing t ion at these rumi l i ni l  rn - nin ’ nn m in ’ ’  K—hand microwaves
mice no t i- ~~p m u - ,n -’if to ‘he ‘- - - ninne ti - fi~~I d , n nn l  no odor produced c h m nmn . mm sm m -a ’ i l m , n m m , - - a I  i t  es in t i s s u e  cu l t u res
-- u ’s- - p erc e; -t i hi , ’ I’ m-m r- their ca’j compared with f Cli i nese hamt nter l ung cc’! l’s , wi to the r ,nte of
an ammo ia odor fr If,, - c u - n . - c l n ’, ” to gs of mice n u t  abnormal it Ic ’s increa sing 4— 12 hr n fl ,- r treatment
e~~ ni n ’ mnj to the -n. 1n~-n ’ - t i c  f m , t d . The possibility - In contrast , no si gni f cant n-- n  m n ’ ,-i’.u’s in ,hnom ’no some
di f t ,’ r , - , n ’ i - s I  bacteria l grow t h i’ , being cons i dered abnormalities occurred -sf tm ’r irra d iation w i t h  X—ban d
in connec’ ion wit ~i these observations - Overal I , t he microwaves . Tn : ‘n u ~i n ,u ml c r - n u ~ iv, t m ’ s  Is showed t l ’- r t

resul ts - muq’l”, t bat a small ml m i - m n - s t ing - u - n - ; ” ’ -  t i c l’ h,n,I ml Cm u i u u,m vi ’s were . 1  fec t i  v.- in produc i ng c brim rnmo —

f i e l d  ma , ,sf fn mi I t r m n - ,p lan !n- l t uition growth . (12 ref -s.) some aberrations in Chinese hamster hone marrow and
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te st i c u l - n r c,- l l s , wlt h t!,,~- n -i f - u t  increa s i ’umj with the tumors , the magnetic susceptibility of t umor ti s —
perIod of mic rowave  e- m pnm ’.iu r , - . (i-,- ,- r~~n - ,ne-m, breakage sues (-solid) i n n  be more di am ag uu e ’ic than normal
in  bone marrow cells showeul st a t i s t i c a l  I- , s i gnificant tissues . Magnetic fields can affec t ccl 1 ular
in cmn- ,n’,i-s .nf! n r  exposure -n- n ods of 12 , 18 , 19, 28 , functions by di ’. t r u r t i ng membranes and the orienta-
and 35 -i . Abnorma l cells in the te stis of im n a d i —  lion ‘if vari ous cell u l a r  components. These actions
ated animals showed significan t increase ’s after 28 may be translated into such biologic effects as
hr of exposure nir more, n - band microwaves were in- growth retardation , ce l l  - - r -nn n h r ,mmmm- de po l a r i z a t ion ,
effective against bone marrow , male germ cel l s , lung l n m c al iza t ion and re j ection of t umors , temporary amid
ce l l s , and cornea l e p i th el ium cm ’ ’l s. Genetic tests semiperm anent gen etic and replication anomalies ,
wI th 0. ‘c ’ :’. - ‘ :n’ ’.r following irr .uui ia tion of marker cell degenerat ion , and , perhaps , reversion of some
females mt 20. 25, 30, and 35 Cii ,’ showed no siqni f - cancer cells to norma l cy . Bii -’ ri , s ’i n -’ t lc ef fect - , on
can t increase in nondisjun c tion i n  successive broods tumor growth rates at field strengths rang ing f rom
of o ff ’,L m ng, (24 ref-s.) 0—77,000 Oe are tabulated for various type s of tu-

mors. Reduced growth rates are mm-ported for E n m l i c h
ad enocarcinoma exposed tu u  1 ,500- 1 ,700 Oe , and tumor

- regression is reported f-nm crown gall tumor exposed
5 5 ”  COMPARAT I VE ASSESSMENT ‘11 ULT RA S rui n N~

, AND to 100-2 ,200 Oe over a 3-mo ; m m - n  ‘n il, Tumor rejection
~‘l CP .OW AV E THERAP Y OF CHRONIC TONSILLITIS in some ani ’imum ls is reported f - n m  mice tumors (H2712 ,

I N EPILEPTIC PAT IEN T S i R i s .)  Khodan , I . V. (Volyn C3HBA , and T2146) exposed to 3,000-4,500 Oe, Tumor
Ob l ,m st Psyc Hi atric Hosp ., USSR I . Zh . ‘ .‘~~u : .  

~~~~~~ cell degennm ’m .nt ion has been observed w i th E hr l i c h
‘~O1’1. h-~~’ ,‘t’.. (4) 96- ~7 . I ‘~;~ - S-37 -n -sc i tes tumo r cer ni si n! t n  7.300 Oe fnnr a few hr.

(10 1 ref-s.)
Re ul ts ‘ ultrasonic -i ii! m icn c n ,-u m ve tm eatr ’uent if ’

ep i leptic pati e- -t- . with chronic t o n s i l l i t i s  are pre—
nn n~~r r t C !  t hirty patients with comnpensat~ .i .nn d 20
pat e-it s w ’’nr subcompeosated chronic ‘nnn n - .~ I l i t i s  1+950 B iu - ’u Y’,rn u i S I S  OF AC ET ’m’L CHOL INE 114 DIFFERENT
underwent 5.’ rasonic therapy (0.1+ W.’c-  , 5 mm /u n - n y , BR AI N REGIONS T’.’ : ; vo FOLLOWING ALTERNATIVE
10 di ,-s) - In ;-  ‘ ‘  ien t s w i t h  cn m -- ’c mm -n sated tons i l l  it is , ME THODS OF SAc R I FICE By M ICROWAVE IRRADIATION . (Eng.)
good resul - were achieved in , 16,6 and -satisfactory in. ti - roj , A . (Dept . Pharmacology, Facul ty Pharmacy ,
nesult ~~. in 10/, In patients with subcompensated B i - n ’rut’n l i c al Center , Univ. Uppsala , Up psa l a , Swedi-n);
t on s il l it is - I ’ m - - i  r”sul ts were m n-- i a i me- n-i in 20. and Sundwel I • A t

~i~~~ju-~n ’ .~
‘ ‘~ u~ j. 98(3) : 307— 317;

sa t s ’acn ,r , resul ts , i n 25~~. T -u u - n t? ’e i ght patients l9~~fu ,
,.u th cmimpensated , and 20 pat en ts w i t h  subu,ompens .sti ’nl
o n s i l l i t i s  underwent “m icrowave irradiation (2,375 T ine amounts of endoqenous acet-, l cho l i ne (ACh) and
50 n-” - . 0 4—0.5 W/~~n’r , 5 nm -m Id-- n- u , 12 days) . Good chol i n e’ (Ch) and the rate of biotransfor m ation .~f
results were ’-ht. ni n eJ in 78,6~~, sa ti g f .i— t - ’ry results t n iti u m m u - I a b e l l r ’ n l  choline ( H-C M ) were -stud i ed in the
in l- ’ . 4~ o’ the misses of compensated t o n s i l l i t i s , brain reg ion -s of female NIIRI mice (18-24 q) follow-
versus 50_ i and 20-’ in subcompen i .nted t i r n ’, i I I it i s. ing three different methu n ,~s of sacni f i ce . The ani-
The e f f lc i .-’isy if m n m i e p i l - c t i c  therap- .- - - i s -  improved , ‘n-isIs were sacrificed by whole body i r r a d i n t i o n  (1.3
i .e. , the ‘ -- to m -icy ni e p i l e p t i c  seizures was de- ~W . 7 Sn -C), by head irradiation (5 ‘.n , 0.25 sec) , or
c reas,’nl , in :-- ,t ien ts in wh~nn th e ultrasonic and m l— by dislocation if the spin ’- I , 5. 10 , u n 20 mm af-
crowave t reatrr,’ ni t f - , m  t ons  I II i t  is was s-n . i i - s- ful . ten intravenous injection of 15 nmo l H -Ch. The
(7 re fs.) brain temperatur e was measured in d i n  ferent loca-

tions 10 to 60 sec after i r r . , , I ia t  ion , ~‘n,’ sh ip,- if

the temper at u jmi - time curVe s indicated a brain tn-’usm —
m ,- r ,)ture if about 85-qo’s at the termination -m 1 cx-

Si nlu ’, S”Mi POSSIBLE EFFECT S OF STATIC MAGNETIC -m u - .,im n ’ to hot- i type’s of  i r r a d i - u t  ion , Acety i c h - - l i n —
FIELDS ‘is CANC E R . (Enq .) Kim , V . S . esterase (AChE) and chcn l inc , n - n - m v h t r a n s f c r a s e  (CAT)

(Dept. Physics , Ohio St Ste Univ., Columbus , OH - m m - m e  almos t csu inn p lete m y i nacti ve~ ed when measured I
43210) , :1’,” .;. 1,~

;’c- - 1’, ’t~. 6: ll- 2 - ~; 1976 . to 2 u’min aftr’r sa cn if ic ,- . To - .tud y the rate - if turn-
over of ACh , the brains were dis s e cted into s i n -

Some p ossible effect -s of static n-n m m u r n m . t i c  f i e l d s  on reg ions , e~ t r a c t e d , m d  ana l yzed . Nus significant
c ancer cells urn’ discussed . Topics coveri ’,l incl ude : difference (except in i n m r t e x )  in the amount of  en-

- . eI n-n ~t r i - :  and magnetic properties n f  r umor cells dogenous ACh was found when whole body ir r a d i a t i o n
- I r , t i ’ .’,mIeS; biom agnetic ‘-~~f,’cts on membrane ’s, was used ui conuparison with dislocation of the spine .
genes and rep l ic a t ion , metabo lir rates, and growth; However , tin ,’ amount of 1H — n c u ’ty lchr ” nne (‘H-ACh) was
-i’mrl the blom echanical actions --F -‘c-mn irie’t  sm , E v i -  ‘r’num tmn h l q h n - r in the strIat e - ” . hippoc.umpus and cortex.
dence ‘-a is tS ‘‘n _ mt  at least some cancer -un - I Is are Endoqenous ACh (in nn’mol /g) wa-s markedly increased in
--s ir, - -susceptible to n - emgni ’- ’n i c  m i e d’s than ‘- n u t - s al  the brain regions h e a d - i r m n itiate d animals (shorter
cells , t” aI - - m , ’ n ,- r c e l l s  u rn- less organized and inactivation time ) compa mm-n i with sp i n i e-d i slni ca ted
l egs cohesive tb.~n norma l c ’ells , t I - a t the sur f.uun - animals: medulla oblongata , 29,1 ‘ 1 . 1 0  versus 19.8
of cancef cell ’s - n m ’ -‘sir,’ n e-g ative l-~ cluargeul than I ~S7 , midbrain , 29.4 I f-b v,’r’,us 2 1 .1 1 .21+;
normal cell surfaces , tl n , n t they have larg er d i -  -, t n i .mlum , 75 .3 ‘ 1 .84 versus 37, 1 + 2 .06; cortex ,
ele’c sr i c constants • and tha t t lu, ’ -,- fail  to form 24.2 ‘ I .52 ye’ s i ’- 11 .2 ± 0. 714 , Hi.Jwever , I ii ,’ re was
,mnemnbrane junctions for intercellular coms ymm unicatiuin . no further increase in the r id ioa c t ive ACH . The
C a n u u er cell - s appear to f- . - r u m -  parama gnetic than difference regarding the po st n ’un -ir tem s e n s i t i v i t y  -f
nc- r r ’ u,sl cell s when they are’ allowed to pr ol if rate , endogenours and radioactive ACh doe s not seem t m  have
hut due to t he presence of anoxlc cell ’s in ‘. n m t ! d  been due I - n  tnsethodolog ic ar tifacts hut rather snug-
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m u F ~rn’ , Is “ni i mmmm,u,m ~.’ mui/ f in’, n m u n - m i .,qnm, ’m ni

‘ .*ii ,nf iii- t 4 .  inane I’ul/ CURE1ENT LITERAT IJHE

qests that t hey  ni,’ handled diff erentl y by the significa nt and growing portion of the U.S. popula-
brain ti Ssu e . Plot- . of the specific radioactivity tion is exposed in vary ing degrees to micr owaves
of Ch and ACES versus time nd - - . i s t  cii f a i r l y  d i ‘ 1  inc t from various sources fl( ludi ng co,mvmuun i n - n t  ions de-
p re iu r - ,i m r - l i r i i u i u ct  r n- l ationship in the different vices , microwav e ovens , and mn,edical -iiatherm’i treat-

i inns 
• when t hi an i- - u .n Is  i-n m’ me- s.n r if iced by i m ad i — mont s. It is estimated t h., t by I 181) there w i l l  be

at um ui of the head, (24 ref’s .) mç u~nrn n xim a t’eu l y 5 m i l l  ion microwave ovens in un -C. The
b i n i l m u q i c  effect’ , ‘if m ic rowaves  i~an ‘up divided into
l furn ’e cat e m m niries : hi gh average intensities (“10 nW!
cm2) m , which di ,tinct thermnm a l r’ff - ts ,ice,i n , ‘,-nb ich

1+951 t L [;TP ’tMs r, N E T IC R,A DIAT (iN EF FECTS ON THE in some instances ‘i-ny be hi,.t .- ’Ji~-~s; the range below
E YE. (m g.) Mitch II , J, C . ~~‘ .- -i ;~i - - , I mW/ inn ’ in which gross fo rma l e f f m - -  r - are im—

~~‘ ‘t,,u’, “i’ s ‘
~~~, 

- ,g ,i- ,’~~~- - ~~
’ , )‘ - - :.‘, 1975, probable; and the ranqe ‘ f  intermediate on su i t  Ic

lava i I n I ’  I n - - t i n  - nu i 1 h Na: iona l Technical I ui f i - mmat  00 effects from about 1- 1 0 “14/n n-” in which n-mi nk but
Servi ce s , Springfield , VA 22 1 6 1 , Document No. noticeable therma l o f f - n t ’ s  c-ccur as nell as d irect
A l .40152001, n ’1f.’i- t’s and perl-’ip s effu ’n is of a microscopic or

macroscopic nature . The fi nder l i m i t s  of these
Anima l ar id ‘m j mn .m r m 5t uu j ,e s concerning the ocular m’f’ ~ reg io n’s are approximate and “'n-m y differ f - n  various
fc.cts of electromagnetic radiation (EM It ) exposure species of animals and may also depend on fregi u u - n c y
- m n- ru  senii m -ved to assess and s y ’ r t t u c - - i z c  tht’ princ i pal i-i d modulation. In view of the expanding use -~ f

~in d i n nn s, A m’s nn - .o- rv i  if the studies revealed th at microwave eni -r i) y and the i - -~~i r - ,’ of the inter -
h, ,m, . ste t u m n - r - - n ,m l  insul t f’m mn high n fl t C ’ - - i ty EMR in I ni,,’. f n u umn m im i i u i  nq radiation in biolog ic systems

f n e l ds u ’ s i - m t  m ac t u m i i m - n i  m c if m n t n a - - c u j l a r  temperatures i t  is conc l uded that a,, interdisc i p l inary approach
m m - n m rn 1m

~ c~~n ’. °C Tin , - EM R n ’ npo s unc -  threshold is abn-ut is necessary to assess and n - l u c i d - m u’ t h e -  ~O ’ s i  b e
S U m— I SO “ u4Icu’i’ app l i,- nf for about 60—100 m m .  Addi  i i nn ’ n , - . I i cal  m ’ f f n - c r ’ s ,  ( 13  ref’s.)
t i o n a l l y, there does ‘ i - u t  appear to be a c u m u l a t i v e
eff i - ,t from EMIt exposures unless each s ing le expo —

— turn - i s ‘,~~ ‘ F i c i e n t  t m  produc e c u -i-m m’ irrep a rable de- 
- -

sr o ’ ’ i njury t i  the n ’~n- - A rn -Vi ew u - f ret ri n’ ,i nec - -m ‘53 I +1 P~~iu[ P SPECTRA OF fRYT Hb O n VIE ‘- ii ‘1141 I i

ti vn s t u d i e s  on actual or suspected , - y ; m ’ n s u n - m , -  of THE REGION OF AM IDE I AND In -rID E j i

human po p u l m i  i - u n - , t o  E n -IF fields ‘shows tha t human UN D E R  uI ICROWAVE I RRADIATION , (Rn us .) I’ ,rn a m l o v , [ .

f, m ta al - non’ -l i - i not pn n i v i n l m ’  conclusive evidence that S . (D.i’tn-’stan Poi -y t em hn i cal I s-,t - - Mi l’ , -  , u c o l ~~, USSR-i
I M P  produce ’. Ca t s r . n u  Es in ~ ,n mi , S-un ’- , ’ surveys in— ~

‘ - - “-‘::t.ka 2 1 ( 5 )  9 4 0 - 9 1 +2 ;  i9,’(

d in -ate ‘i t n u t i s t i c a l l y si gnificant increases in lenti-
cul m m defc’c ES n “- i C rowave-exposed workers , but noume T i n , ’  i- f  fn-c t of ul t r n  ‘high ft ~~~~~~~ y m rraul mat mon
sh n nma s any c l in i c ,il y - significant - i i -~~ n - i t ’ s  in ‘ , ‘mn n ns ( 1 ,009 MHz , 30 mm n  at 25°C) on the u l tr ,is tru c tur e
i) f ic - c mm ’ ,ns” d visual acuity , i .e - , appare’nt loss of humaru enyt hr - u i ’, be ‘nc -n- inn mis ’ ’, was stud m - -d by in—
of fumict ‘ - n n , n  I visi on , Case r u e- m t s i nd i ca l m - that f n nn r m -d spect m i m i - i c- t r y  - I rrad i n n  non ~ i th an n n t ‘‘i s u I y
d i a t i m n ri”- ,’ treatr ’n ,-nt in the area ~ f the “ye us i ng if n~ mW/cm ’ resulted in  ‘ “inS ! I c , - n n f c m r u m a t i u m , a I  me—

,
,,mu l t i le exposure’s at power - lens i t  es from 80-240 con st m m nct ions u.m f i-n ,’n,tur. ,ne molecule - s wn nhout mnducnn g

does not r,’sul t in cataractogenesis. Tb, - a no table t r a n u s i  l i on  of al t’1 n - l u - - l i .  m m  beta st r imi’

, - s ’.nisure levels with ,‘ubicI’s c l i n i c a l l y  s i q n i f u c , n u t  tu re, Both pub~~m ’ ii m u  p c ’ m - - - u r m ,-ni t i rradiation with
cataracts have been tenuously associated m d i -  tn - 45 -:‘W/cm~ r ,nm us -’ ,i a nn ,mm ~~,- ui d ecrease in the i n t e n s n l - .

the c ,taract o iz,- - ’ic thre’ , ii i . l d is over 100 “,W,i- ” of the shoulder at 1 ,71+0 cm t , The deu ten ium cx-
fu m n man. Human po p u l - it ion s , incl ud i ng groups that change in t h e -  p e.p t ide mn o lecu l ,”,. and the correspond-
work wi t H  or near [MR emit t , - r c , arc’ rarel y subjected rig - shift of thn - ami dn II band 1 om 1 ,51+0 cm to

t n -  4 ie lø ’ . - Y i n - n  rig average power densities ‘i i u - n t  ‘r than 1 .450 cm proceeded ‘ u t - n  under irr ad im i n , wi b U

about I W - u , and in most cases the fie l nf ’ . ,’sre 4~ nW/cm 3 t h an they il id in the u u ” i tno l ,

- Wh 1c- the - “ -c ia’ - is in past re- ui r n ’n hiss hi -n uh .n ’-m ges wer ,‘ u i - , s u ’ — i  l m . 1 n u nd,t m ut and we-re’ not ‘u ssr, i 1e’sted

- ‘ mu a cutu - MS c - n t a r a c t o q e n e s i s , the , n i m t 1 n n m r s i i n j ’ t u ’ ’ , t s  m u r i s d i u t  mon i m , r , ’ n i  I n n ’ s n-f 5—8 w u c u r m ’ . ( 1 2  ‘

t his t future s t u ,,die’, ‘.Fnmn u l’ i cons dn r - - u -r n’ - u n i t I c in—
Iic ation s of energy tr .insfer , ‘such n, , alt erations
us lm - n m s pr o tein , and/or ultrastruc t ura l cha ni i n- s . ansI

any possible Ionq-term adverse effec,t s , (26 rn ’ f s.) i,u’mi ,;. EFFECT OF LOW F’REQUEtI I’ b ELECTRIC ST I MULA”
Ti ’s OF THE CAUDATE N UCLEUS ON THE CORTICAL

E L E C T R I C  A C T I V I T Y  511 T HE W A K E F i ! I NI -S (,EEP C Y C L E .
(Ru-s .) O ni anu i , T . N , (I n ’ st - r’-n - - ’- i ology , Acad. Sd-

5 ‘ “T52 BIOLOGIC AND PATHOPHYSIOLOG IC EFFECTS OF n-nc,- ’. Georq i ,mn SSR , Ti- i l i s i , USSR); Kn- sinu-I ava -

~~ E XPOSURE TO M i i ,S - 1 4 i’u Vi OR ULtP - c ’,I N IC ENER- G o q i c h- i - i , ’ n - , M . V. ‘- ‘ ‘ z n i c ’ l ,  1. ti ? ( I )  : P’i”lu ’. 1976 ,
l i --AN OVERVIEW. (log,) M ichae lson , 5, C Tnt :

- ‘ f - m m’ .- , . r~~. o  V , ‘.4 ins 87. ~:
‘ ml ’ m -  U -c :,‘ i,’ , The n t  fec t u I  I i n - - u - I  requenry electric st imul at ion

1975 . (ava i lab l n’ through Nat ional Technical In for- (O.B-l2/svc , 1, 7  v) u u f  the c n n - m I n t ,’ nucleus on the
‘-i n , Ion Services , S 1ir i nqf i e ld , VA 22 1 61 , Document No, elec tric mu 5 iv i Lv n i SI , , ’ umi-op m l i i  urn a,nd isis hi pal Ii urn
AD A0l52001. aund on t hi’ m~,nit- Iu l n ess- ’sln -’n- .i m u y cl n ’ was studied in 

mn-mr- m in i liz ed cats wi t h  ji ,u t l an s, .’d elm- n- tro des. Thu

The increa ’.n ’ n t un ’ s,- of procn’ss,”, and devi cn’ s that u t i —  I , n-i , a , Il l min d B~ r hythms m u f  the s e t m s c u r i s n o t o r  area
Ii ze or emit nonioni .‘lu ’n g mad i- s t ion , such m s . mu r im-  ‘ l  the neopal I urn ansi if h im’ dorsal hi ppocampus were( wavers a nn , U’ u r , u ’ ..n -m nn i is ‘Ii scussed m i d  the bio lo g ic . m n n - n  1 -,- ,‘‘ ‘i - A ft ‘ n  Sing I,’ t i mu I a lion , ,-5 ’ , mk, ’d I,’’ tent Ia I
‘f f,’ tc ,~~ su n in radiati on m n , - hr i - f l y reviewed - A occurred mm m i , ’ 5 en -m u l i i  y in the neopa l i i urn than in Iii-
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8uo loqncsi / ii ,’ . ni Nm ’ mm ,,, n m n , ’ - ,~~ I n-ri n,s,’,,~1mu ,’un ,

CI IRRENT t,ITFRAT IIHI // , ,i , , nt mr ,- - , I nX u du,,, I’m/I

uf m )rSaI hi - - n m -’ -i i’, - in t in e ’ hi ppocampus , thn’ evoked - n u - n n ~~m r y  switching . The thre shold electric field and
potenti als became facilitated and s t - s t - I c  at ,m i n ’ - -  t i n n e s f n n u l u i  temperature required to a c t iv ,n m n- merm~~ryJ mm uency of - m ‘- “- ‘u . TIme evoked pot ”n tia l s are most Sw itching for a 0.1-sec pulse were determin ed for
pronounced , thou gh v, m riahle , at 6-8/sec frequency , - ,- n n t i m , - t iC mms el an ln and melanosomes . The l atter showed
in t Fin - ’ ,m ’r,’,m irim rS ~t0r u ’ m n t , - n , and sp indling occurs at e ssentially the same results as purified melanins
8— 12/-sec . A-s a l’ i ’im .i - . im m ra l i ’ m  r n - I  - m~ i on of the syn- for the ini t i a l  c r i t i c a l  temperature • but they de-
chro nized act ivity in t i -  neopa l I ia l and arch i pall ial graded below 110°C (where syn ib m u t ic melanin swi t c r m nn s
Structures during t in , ’ l ums - f m , ’i 1mm& ’umc ’ stimu i it ion of off), and the off stat -’ could not be reached by -n t- -nt-
the n- ,nuda te n~ c 1e us , drow smn ess ‘ . n n ’m y  develop , w hich i ng . Increasing the hy r a tion if the bulk sampl,’
.ml - i n q wi th thi, - e(ectn - ienu 5ep fsaloc1r aphic si gns di’. lowered the threshold Es perature ami d electric field
appears with tb , cessation - f s. im u l ation . Eriw- required for activation but - lid rio t change the be”-
fr”qu”msc s s t i m u l a t i o n  .fu rn ”' ,~ th - ’ - im ado x ic al phase per ature at wh ich samples switched back - ‘f , N ’ -i ther
of sleep mi so prn - in -’im l .m ’s s v n c b r n ,n i z a t i o n  ‘u ~ t he d cc— the hydration . termsperatur e , current , applied field ,
trocardioqram , but the st r ie ture 4 the paradox i cal nor power alone is suffi c ien E to ensure switchin g ;
phase recurs ,n f t , ’r s t imulation , The synchronizing the temperature , hydra t io , , and either the app l i e d
stimula tion of the c , n u , -I , m t ” nucl eus causes consider- field , current , or power must be spec if~ ed. Me la n ins
able  changes in b u ’ , w,m k, 1 i n n n ”.s- ’ ,Ie ep cycle after offer a uni que experimental syste’m ’ for deve l-’cuu’- - - ’n t

ti’ ’ stimulati o n (redu ction in the i ’ v e - raIl duration of a working concept of biologic semiconductivim y,
- ‘ short-wave sleep, and increase in t in , ’ duration of since they are stable , can absorb other -. ecuies ,
t he par-i t n - ’ i c a l phase). (3~ m n - f s .) and express this int eraction by a coms ducEiv ity change

of a-s much as Ion orders of ma gnitude . (10 ref-s.)

I’ll’- EFF ECT OF SMALL DOSES OF UHF ELECTROMAG-
N FT I C WAVES ON SOME INDICES OF RENAL 1+957 i1 1CROWAV E-POWE R u1t BS O R PT IO h BY RECTANGULAR-

r : pnt L T i  - ‘n I’ID WATER-SALT ME TABO LI -,n- . (Ru-s.) Grin , SHAPED CCn 14DI1III V E DIELECTRIC SAMPLE IN
A. N (A. ‘,.  M - inz e ev n- is - m s S c i e n t i f i c  Re’., Inst. of STRIPLINE, ~Eny . Joine s , W, I. i Dr ’ t nt , E lec tn i-
General and Commnmuna l ‘4-,- ’ !i e ne , Ki e v , USSR ) . ‘

~‘~~~?:. 
cal En ou nn ’n - ’ r m n q, Duke Un i v., Durham , NC 27706);

-‘ Ia (10): 13 0 - 132 ;  571 . O-mke rr n,nnnH i , G. , Seaman , R. L .; i,J n c n n n m , l  , H . 
- -

- ‘ - - - :1 , ’ n u ’ n- _ ‘i ’- ’!, : t :n, u? Ut, i R )  536— 538 ;
Tn -mn ’ ,,If~’ct ~~~ ultra-h igh frequency elunttronmagn etic 1 916 .
l i ~~I ds (5, 10 , and 50 Wu’cu ’- • 3 hr/day, 10 days) on
the renal ‘ -anc ti on and water-salt metabolism was The n ’ nucm or i ,m n -” - power absorbed by a rn- m n - s n - . tar sample
s t u di r’ u i  in 231 adult male and f - - n u b ’  ra ts. Si gnifi- of seawater in a p lex ig la s con tainer ( 7 7 5  a 1,04
- ,,, t but r .i th , -r n ’n -ul t ’r,nte increase was observed in 1.7 cm ) wm t h i n  the unifor m fic ’ld -m f a stri p l in n - is
l iii ’ diuresis and in the urinary cadr E ion of chlo- calculated and measured over I’m’ I- 2-GHz range.
rides aft e r n - -npnn - ’,ur m- tim 5, 10 , 50 5+10 . and to Equa tions , which account for tine -,- v ; - I e ’ s l i s t u r —
u + 1 ’ i+ u ’ . . w / ,., - - Tn-me most pronounced changes in t hm ’ bane.,’ of t he otherwise uni f ’i r- ’n plane-wave f - -Id  of
renal func t ion -me re n rn ) n - i u nm- ’mI by a s i ng l e . 3—hr en— the stn ip i  m e , m n ’ - gi vi - nm , and res trict ions on sample
posu rn-- t’ u 500 .1’- - The ’ funct ion .m l change-s caused si / u’ for lie-” t accuracy are stated in I, rm , i s of strip-
by th i s high dos” . i’S . -~~~ ! I as the time required f - mr li ne di  -- .‘“ u - - f l  - T i n - - power a i i s n n i - t  i n  min e,’ ,n’sur emtuent
ti-n . - n u o m ma l i z a t i m i n  p 1 the m ”n ,mI function , were con- On the samp le n-f seaw.lter are e. nn ’u 1u.Im , ’I with calcu-
sider umb l y less -‘a r k ,-, i in animals pretreated with 5 l i t t o n , usin g the developed equations. (12 m i - , .)
10 . and 50 wU:n’r ’ do- ,,”. pm or tui exposure to a
sin qln - W / - - u  ulmu’ .,’ - N’ ’ ri’1 -

1+’m ’,ti THE EFFECT OF I .6 t’i,,’ RA D I A l  I ~N (i5 NEURO”-
TRANSMITTERS IN DISCRETE AREAS OF THE RAT

THE RHAL AND I I ’  T P ( i N  IC CONTR I fLi t IONS TO BRA IN. (Enci .) Herr i t t  , J. H . ; Hantz el I , R. H , ;
, W I T I H I N I ,  ‘4 MELANIN ’ - . (En q.) F ii . m ’ .n v ’, , Fr,u,’,-r , J .  W . (USAI Sch. Aerospace Mu u i m C i 5 S e , Aero—

.J. (Sch. Eng ineer ing , H- ‘th Carolina A t. T State space Mm- i i l ca l  D i v . ,  Brook’. Air Force Base , TX 78235),
Univ  - , U ’- - - ‘n ’ ,l ,° n - ’ , Nt 2 7 4 1 1 ) ;  M, iU i rn ,-m ’ ‘.s . J.; C u r r y ,  II sip ; 1916. lavai labl e through 5,mtlø na i Techni cal
P . ‘ ‘.‘m~ ’- 

-
. 

- - ni ’ I” ( II ): 2309—23 12; 1976 . I n u f i m r n u n , n t  Hum Servi ces , Spn i nu ,j i i e ld , VA 22 111 • Docu—
“m n - mit ‘ n- . AD A023677].

The ‘ . ‘ ‘ - , - t  dis co v e ry that - - uu - la nin respc,nds to app l i ed
elect r ii s - ni acoustic fields has I’d t’ - a new var i et’y The i’ll ‘i t ’, - f  tE’ ‘ - n - ’ m -e - - n i c  -i-i c rowave n-ian-n densit ies
- b poss i l - l e’ f u i i , In n q ic n i l ’.’’, i’m-u i u i ’ ‘s- i’, wel l as the on the nm , ’iuni ’ t r ,mncu - ’ m m t er Content - f dkcrete areas f
dn’sI qn of -m potenl i - m I new .)dality f-mr t n - - nt i nn i  me l- th m’ rat f - m u m  a n-mu- investigat ed and compared with
anoma - C r  i tel ia iu’ ,n- fu l  in si’ t u ,nr ,m r i nq th u - u n ’ s I fro,nn t Im ,’  hyp ertf ie rn~u m c e 1 h i-n ts caused Ny r - ’ s 1 un m s n - m e  to a

~~~~~ m - I , ’ u t r ital ‘ i , m i s n i h u t i o n s  Ii” S w i u i i in g ann - presented , warm environment. W i n e n u male Sprague P - m n - - m I n i  r a t s
Syn t h e t i c  mt’I,,’, i nS and mel ,mou,.,u,mn” , n’ srt racted from were exposed S - n  1.6 GHz radiation at a measured power

human mal i qnarm m melanoma were p r n ’ i n , s r m ’d and .m cy l m n -  density of 80 mW/cm’ for ID m m , their body tempera-
d r i c a l  ‘sanmntsle f melan in wa’ s u , u n n i u u , ” .’,,’ui i m n ’’ ,u,’m ’n tur n - r I- ,,’ 4° C . Hy penthenma l control mats were then
carbon el n’r m n , uul , - ’. in a ref Ion holder whose I empn’ra - expOsed to a ‘-i- n m - ,, - - n i r ,‘mi vi monmeus t to raise i, u r n -  in u id y

n- re m ini Pd he n - -~ - t rol led I n ’ s  a m ’ s ’ , ,  )t m ° and 200°C. A S n ’u ’u iu . ’ r u  S i m m , -  1 + ’ C .  The norep i nept- ur ine crmntm .- u m t of t i n , ’
regulated power suppl y .‘-ss uss.’d to app ly di rect cur’ h yp oth iml a mus of t i m , -  i n r a d i n t n ’ i a n i n r i , s l s  was sig n i f i  -

ren t vol s i m s ’ -  a c m ’ s - s  the - ‘- sn - i -  I,’ ,m ’m ’) load m’s’’. i ‘ S i r  - cant I ~‘ reducm ’ i f compared with control animals (5o~ n- f
t he resistor was chosen at a law value S m , ,‘n us i urn - u s , o t r u I  co nt ,’unt) . H i i’1 mumc ,m nm,1’n -m I sc rm m tonin was de—
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mi t - ,-  / ‘‘u’ ‘ - ‘mS - m i mi ’.’ nuq 1 ,‘ . - i m u - , ’ r  -
Ra n  mu ~,e  t 4- ‘, - ~~m- I ’ m ’ ’ cu i i,~~t NT LITERATURE

n, - ,s- ,,’u t in  hum - r u t  n t -u t  l n n - 1 not in thue hype r them ’ - were il l  ed , S r i  E i a ted I h ymn dine ,m,ns in ) ected i nI n u
mal group, as n- .,,- the dopam i mu e mu iirt t n t  of she corpus the ant ,‘r i mur chamber f both m y,’- , .  E p i t hel I al peel
s t n iatum and miy~s,thaIamus, The changes in the neuno- (74 expe n inn e ntal ,nn rd 2 1 u,’ u n t r n u l i  ,-iere made , and each
t ransmitters in th,’ brain - ui - - i- were in the same irradiated and u.. - , r m t nol nonirnadia ted eye was ea .m”rin,’,i
ulirn - ’ st ion I n n b o t H  irr adiatn .n u and hypertherma l ani— bun  identify and coun t t n i t i u m - l a b e l e d  ce l is and mi-
-iFs . It is sum nut, ’’.t,’sl b u n t thes e changes are a re- tu s t i c  fi gures. Comparison of counts from expenimen—

su it - f t ’n u’ n - ’ ,, m , - , : uil at i o n -‘n echunism s on brain cells tal and contro l lens n - p i t h - h a revealed two p a ttn -m m n ’.,
and not a d i r u - it i’”f ,-ct oi 1 .6 GHz rad i a t i m i n  on depend i ng on the presence or absenc e- - i 1  vt-si d e
ne urona l components. (13 ref -s.) strings. The lens with ves icle strings disp layed a

rise in DNA -synthesis on the fourth to f if ’ n - -  day a fter
irradiation . The len - s without vesicle strings showed
a suppression of mi t o t ic activ i t y  f o l l o w ed by a

A PROBE FOR MEASUR IN , TEMPERATURE IN RADIO- gradual return unu normal levels, (17 ref-s .)
4 rsln )LuFNCy- ’,4EATED MATERIAL . (Eng.) Bowman ,

R , R , ‘F ’- : ’ ’ - - u-:’le t ics Div. , U .S. Dept. Commerce ,
‘i~~t l o ”~~I I.u..’o-dj ~~‘ .i - . , r ’ J -, , Boulder , CD 80302),

- 
t i n  .“ 2 4 ( l )  : 43—45~ ANEST HESIA AS AN EFFECTIVE AGENT A’;..I tI C T

THE P R ’ ) D U C T I O N  OF C O N G E N I T A L  ANOMAL IES  IN
MOUSE FETUSES EXPOSE D TO ELECTRO MAGNETIC RADIATION.

The sen si ti v i b - n - , st~s b i l i t - , , and range of a newly— (Eng.) Ruqh , R , (U.S . D,- ;- t - Health , Education ,
deve l,n ,:,’d temperature probe , w h i c h  n’ne-ss ures n ’ t a tm -n ua l ,l, far e , Public Health Service , Food Drug Admin.
‘n m ’ n ’ -~J by radn - ’ ‘i- ’ ; - ncy f i e l u l ’ , , are discussed , The Bureau m, n ’t niloqi ca l He alti n . D i n - ,  Biolo g ical tf m- ” c t s.
probe consists - if  two pair - s f v e r y - N m  gh—re si - t  -ince 5600 F i shers Lane , H F X -  20 , P’c~ v i i  Ic , MD 20852)
lea d s connec ted t u ’ a ‘.n - n , sli h i i u u ~- - , c’sistance thermis— t-i~~li.u ,n a-,,.,- , , H ,‘ , nT , 

-
‘ l~~7: 313-317 ; 1976.

ton . The t~ m’ r r ” i s t - ’ r  nt-si -stance is sensed by inject—
inp a const n’n t current t h rn ’nug h one pair of leads and
measuring the vol t a-n m ’ developed across t in c - theru tni s- To detu ’m ,’n i ne- it i umsno bi li zat ion du n inq radiation al-
S u n  f,’, m ’ n u s  n u r a h m g lm-i mpedance amp l i f i c - r cmn rnr , c - : b m .-J ters ti n ,- production of congenital anomalies , deaths ,
to the other pair. ‘The desi gn goals are described , and resorpti ons , 130 pregnant mice (CF 1) i- n e  m d i -
ar ’-i the pe rformance of the test model Is discussed. vid u a l l y subject -nI to mi m v ,  , ,, .t ma t ion at 7.3 W
(9 reV s,) for ‘; mm with and w i t h - u t  ane sthm ’ ’:ia (2,450 ‘s ,mi ,,

‘ wavelength), The fet e ’,,- , f irr adiated but unanes
the tm ,,’ I f m - n -  to - s - - m ice showed the greatest

32 - resor n- - t ion , 5 . 1  deaths , - n - i l 2.3 ann-sm-
L~~,D EL ‘;7 m IC-FIEL D DISTRIBUT I ON ‘-L °t45 FINITE - m l ie s . Anesthetized mice held in one ni l  thre e pos i-

-p-. t I N Y”  L T u U 5~ DIELECTRIC SLABS I N  WAVE tions during irradiation showed time least - ‘un-a,’ ab—
GUIDE. (Enct.) Liu . 1 . n-’ . (Dept. Electrical Enqi- sorbed dose , the Ie m - , m ’ - , t incidence of resorption , only
ricer ing , W i s h  i n ’1tru m~ Uni n - , , 5’ . Louis , MO I’ll 30) one anom alcn -s f e t u s , and one -I , ’ It m-- - 1 ,-u. )b i I I za t ion ,
‘.,n’ ,’r , ’n,u u,n , F. J, , P i ckam d , W - F . !f’L 7 Ti ”t u’,,v . ‘‘ ‘~~‘ — t n - t n t  i c u la r l  y in t o m  broad -si j s ’  po it ion , p n u ’ t e c  t ed
“n ’- i:.. ”,n- ‘ ‘~~~‘ 

‘ : .- .- 24(4)~ 2t~ -- 2l q ; 1977. t i nt  fet ,’ .,’s ,m . , n n i n ’ - t t,’rat ,s ’leni iC Ja ’ami m-’ I n , , - - -  r a d i a —
ion , Al ~ fm mm 1 ii mi . n ’ , . -, ,  ,- m -  r s i  n a t  ion ,.., I eva ted the f—” --iv

Calc u ’ ions are p r , ’ ’, m - n t m - d  on the ‘un-gnu t ude of ,sn te n t - -  u bun - n . ’ , a , - m -s t he s  .n~~~. m i - . ui a rn- - tim ’ S On in me
el ec ’ m i r  fin - Id along a die l e c t r i c  slab , on ‘ N m - Ira n’.- t t ’,~ i - m - m  u t i u n , ’ that ba l ,m ,rc ,- ,i it o ,t arid protected S i
missio ’n and rn ’ flec ti o n ‘ ‘ - ‘ -  f l i c i m - ’ m m t s , and om’ the u n - n -  ‘ - - and f e t u S  , m - t , m i n t EN, ’ t hermal ,- ffect s of ms

• centage of incident powe r - , t , ’ , u ’ rf n , ’u i , TN ,- biolog ic crc,,- ,i-1 ,- n adi ,nt ion , T im, results m d i i  s t ,  t h a t  tb ,
speci man n - “in n - i . ’ I “if us  - m I mi s sy d ielectric slab ~‘f h r  i “san-, ‘ - t of h i  mn l i - v s . I m ’n i u - - w . n v m ’  r i-i i at ion in ’
‘i n ’ ’ I n ’ rm q th inserted along t i n -  center 1 i ‘so of a r ‘ ierrn~~l - (9 n e - i c,)
f e c ’  .mn’ : u m l a m  wavequ ide , ~~i n g’r i t  ude squ , ,n n i -l mit t i ne
e l e c t n i u _ ‘u - I d als,”it t in n’ ’ . b . m t ,- - u n ’ , calculated t --  p m — —

mIt’ d i d  ‘ ‘ - , -  i n ’ u i - i ,  ‘- n’,, ,,’ i’ n t  i nput to ~i m- s n- u t , -

T N ” - ,,- res u lt s werm ’  commpani - -l mu th exper ‘u ” n ~- r i  t m l  “ u ’ - - r ’  4963 ‘‘n ‘i-i l I N D U CT I” ’ , it THROMi ’’ MAt A li t n-~i .’u ” I n N ’ .
- ‘ on sm’v,’ral m a tn’ri n -mls and t i ’ m ’  pupae i f  ,er ./r n’ ,” BY ‘I , ’, - #~~z “ I’ QnW , : i R A D I A T t 1 ’ 4  (‘~i i ‘IN ’;

4 ‘~ - ‘  - - . (16 ref -s. ) ABSTRACT) . ((rig ) Lea sh , W ~4 , (fiu ’’ - i . ,  Rad ioiog i-
cal n,- . I t h , rn -~ ,~I Dr ug A-I ’-- in , , ~i - ~~, Dept , Meal t ,

i. t o n , ~~‘ fare , I4 ,ckv lI e , MD 20852).
“1 ‘ , 70: 387a , I-’ ‘~~

u,”m ( I ‘ 1 C T ’ ;  OF M I r : P ’;WA ,’[ R,AOIAT I m N ON THr I ENS
EPITHE LI ‘ m’. li i THE RABB IT f Y I  - i f  .i,

~ 
,) Van T b,’ ,hn, ’n~~~øm I n-f I n ’ n -  t ~ 1 ‘1, ‘ i  Mfly r of i at ion were

ut tna ’n -r en , C - A , (Biology O n - i - b . ,  College I I , Univ. exam i mm’ ’ in ut’H m nm-s e hams tn ’ r ’ . ( ‘n” ‘- ‘‘m ‘ nm - “
‘ -

‘ ‘m u) -

Massachusetts , ii,m rbo n Campus , Boston , MA 02125). An imals were n ,u , ’ct e d w ith O.l~ solution . ‘t Co l i e u t ’.i,l

• I’ . C - Ar’ - ’I-- . ,-;i1 . ‘;~ -~ 
‘ “- ‘Z 94 : 828—834 ; 1976 . c i t  Sn , r 0.25 ‘mr n-,,f ,,r,’ m ir n m- ’f’, , or 2 r,r m i t  “r in -

radiation ( m d -i” ’-’ power I, - r ’ ’ u t y ,  200 “W/c’
T m  de’n’r”, ine the , - f f m - ’ i t s  of  continuous wave “icmo- Fm ntt j ori , 0.25 in n Bone marrow cell s were ,,-“smv ,’ i

‘ jj waves m n  Su n ’ “n -s epi t he t i uii~, the r i g ht u’ ” ‘ ‘ 82 ‘r - r’- fe ”mmmr I pn epa rm’il f- mr m l t i n t ic and , i- ru -uir~~i’.i”m .iI

‘I. w Zeal and white n , mlu b ,  i t S  (L s - ( ,  - ‘ . i  old) wa-s “a pm ’ .,- - ) s n - i ’  ua S m m ’ , - The d li- t ic , - ,  ‘ - ‘ . was depr e’,sn ’ 1 in

7 ‘r, in to 2~3O ‘S/ 
1 , - rid i n ion -n S 2 m 5 “,i u / - Af — prepa r ,s t ions - - ,n,I s’ at 5 i, n from in I ‘-u.s Is i r m a l i  a ted

- I te -r ml,. ro,.m.n v ,- ex pos ure , ti ,, .m mu i sal’. acm’,’ k i  lied at m i t e r  i mn j ect ion . compare- I w i t h  e i t i’ i ’r sham I m a d  I —

in t ,-my als fr’,’- 6 hr Sn , I ‘ma , One hr b et -in ’ animals at,’’I in~~,e.I ’’I ani m a l s  on ans I - - m I s  irr a diat e - I prior t - ’

I
_ _ _ _ _ _ _ _ _ _ _ _  - - 
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H ---‘ ‘mn- ni I th in ,  ti N ’- n - ” - ’ u ’ , - ’m n i /

CUR RENT L I T E R A T U R E  H _ ,,,,noo,n ‘--I’ I,,,,,’ In/ /

i n “It inn . The , .- , ‘rm ,In i - Imin g l y preva l n’ ’- t m i ,~ - - ‘n- n- . - , ” m ,m I t he ,m i u ,- n na t ion f r n ’~~,sn ’ mm , .
~ 

n i ’, n u n - ’,,. ’i by t i n , ’  “nd ‘~f
m m- ‘,,u ’- ui ’,e s’ 5 b n  was chromtxisoma l st i ’. ‘

~ nf l , ’ ’, ’ lu ’ t w n ’ m ’ nm WI, 2 In t ime group - - i n t u  ‘ e - d to 500 W / m  n i - Inn - t u ,  t fin-
ui m r. ’,’n-’,,,mnn’s and ‘s - t e n  chrom atid , . Chroe i,stirm i n n iu i m s , ’s t ’ I j m l u , , t  ‘ m m  ‘if dam aged cell’ ,, Hypoxia (correspond-
‘mu u ,  - m l’.o mu fs,’rved belw,’e’m nu clei ‘nu qq c stinq that m g  t n ~- ,ODD m al t i tu s i l ’ -  for 20 din) dur i ng and aftm’ r
ccl  Is w i th ‘,u - - , ’ u- ’,u ’ u ’,,’m I ‘.t i ck i ness u - . n J  t i n e  Co Ice— , m m m i i i at ion mmm l i i i ,’ - f t u e  Inc ide nce o~ ccl I s  with
m i d  ,l , ,.- n -  I n one sen t- s . nscb hnids s ,’- , were evident - - - u - , .. , a b ’ n -’ r - ’utl on s . (7 ru’fs.)
im ’  10- 15 , ,  ‘ii c e l l s  compl eting c yt- - n - i n esis , O r,,’ week
.‘n f t, ’r i rradiati o n , bone marrow cell ’ .  from irrad i ,is s’ it
aol nns als ‘.h,um ’~,’ I a re - it m m , . t ion in stickiness p i’s- n in”,’ ‘m u

n m t ,.hri’uns ’si,”mu,’ s t r u c t , m r , s I .s l-e rr a t ian’, were s i g n i f i —  Im ”if ’,( CH.’NG [. I N THE S E LF — S r h t - ~r ,- Ln .T Io u REACTION
am’ : I s- hi qber ‘ Sri, ’ in c o n t r o l s ,  T’n ,’ ‘m i n i- , - ’ ,, r . ir~

- e- of IN P/iTS u ;Nl~l i’ THE ACT ION OF ‘l/i/U;,’ TED
-i f “m it ions .m b ’ : en microwave u nj i at ion ELEL tP” jMu ’t’;lil T IC F IEL D, (Pus,) Ant i ttson i - . G . 0.

“sints’.uu rn . suggests t~”,,t m u l t i p l e  stsecha,’s i ’,”m may c a i n E  (P. in- , An o khin Inst. N - . , - u i  Phys i u ’i S ’ .u ’ .j, UCu /i fm Acad ,
an ri d i a (ion breakage in t - “mu i m-u , -,”i-m,- ’ - - N’’ re f  ,) “- ‘ ‘C al i s nipes • H- ,, ‘ i . , USSR) ; Bad m I i n - , V .  I

j i i , A . A., Knas nov , E . A ,, Sudakoy . S. K. ‘::n- . , .

- ‘ “~~~~~. “ 1. 82 (10) : 11 63 -i 165; T
/ 1(

~~~~ ALTERATION OF 988: A STUDY TO In i .! NEW Ti me ,‘ffpc t - f  nridul ,ut ,” I m’Iec tr om agneti c l i d -I (I i
r i-n!RAFY FOR CNS LEUKEMIA (ABSTRACT) - (Eng.) Mi -i ,’ , 1 1 , - I l  in t n , , u i s j t - j l - ”u ”n- !20 W i n , modula t ion  Inn’-

Chang, B. K. (:uept. ‘bu n- t i -  u _ _ i , Duke Un iv. ~u , u t i i , Co n— nt , s ’ m ~u , -,- 2 , 7, and 50 H,) on the sd 1-’ - ’ mulation r n - -
- n , “nsr ’n , s r tu , Ni u Huang, ,‘m - T, mn -?’ - 481 ’t - 2~f lm - , r ion was stud i ed in 30 n’s,! s’ and fe -m i l e r,sts mu i t  h

I ‘76 . e l m’ r , t m ’ , . u les i - n i : , l a n t m ’,t  in the interior cm posterior

lobes i f  the hypophys is mr in the septum . Tim,’ modu-
‘4-l i fi c ation of the cen tral mi ens- un - s ‘system with low la tion frequency of 2 Hz caused a pr Imary increase
1”’m--ni r den si ty “ ii  n- ‘ , ‘ m. m vm - radiation was inC - n  bali _ nt to  in the sd f—st i mu h a t  -in r ‘ s  t ion , furl I i- -mn -I by a de—
fac i I i tat,’ drug transfer across the blood brain bar — press ion . 11,, 7 H; f r n” t um ’nc ‘.- first 1.s i led to alter
n i er (BBB) to d i r -  ,.j,’ uv ,’nul th e - d i f f i c u l t i e s  in treat’ the sd f—st i mu l ,it ion ri-act i- m n , sod t i ,,-’, led ‘ m u  a
i ’ mn r  uns u-mn i ogeal  ,‘-m,m n m ,s- nm a ,  Thi s me-port in’s , ”’ ’ . ini t i a l  qradual reduction of the incidence of this reaction
n ’t”t’it  to alter t im” 688. In thn,’, - I- - - ,. , t im ,- pene- and to complete uiic,ippe ,i r ’mncm ” in ID m m .  The n’audu-
t ry , , , - - i f a test s ui u ’ , b , m r u ,’ ,’ , 1TT I—a lb uns in , i ncreased 1 ,n t i on frequency -if 50 i ;  uiepmt ’s~~u ’ -I thu s e l i ’ -’,t m u—
ma ns lent F1’ 4- t,- ID—fold i, , n --s ,-r base l I ‘-n- values 60 mm I n - n  ion react ion prac t i ,. il I fr,” IN ’ ’ von -,‘ Lu t-mi inning .

m ’ t ‘n the animal s recc i ved crani al microwave rad /0’ The s u m - - n -  in. ’i n,~m -’ . i r ’  the sd 1 ’.t im ul at ion nu : u n - b  Ion
Ion at density of 2 a/ ., - - Cerebral spina l f lm, i ui were i ndependent of tIme localizat ion o’ the n- f ec-
(C S F n  ,-n- n-i s sannpl,’,I s e r i a l l y  via a ci ’.tm ’rna l puncEure , tm - nd,’ -,. (6 refs .)

• and ‘m n - n - trance was ‘a e.m’ -I as the ratio of CSF In ,
u ’ - ’  -j concen ’ r-it ion , , m l - 

~I- -i I bum i n (CC SF /C pl .u - ‘-
r a n t ’  .‘s-,r,’ , rid i it ion at this densi t , al -so c dt ,sn- u i
a 50.- inc n, ’ ,is- -’ in the upt .ikn’ o t ‘ H-tii a~ihotrex ,niu 4967 LOW INTENS I TY MICROWAVE ErT ECTS ON THE
(0. ’i u- ’u .Z ~ I by human Iy ”Am hi ’cyte s , q ranu l oc stm’ s , SYNTHESIS OF THYROID HO R MO’ t ( ’ ;  AN D ‘(RUM

s’i,i leuk -i n i i  ccl Is . t°-- - I i  ta ‘,,.,qq,- sI that 20 ni n of PROTEIN ’- (MEETI Ni’, ABST RA C T )  . (Emi t - ) Trays, m c , W . D.
low power den sit y mu m m - .-, n yu ’ m n - f i a t  ion not only rn, — Vet lo r , P. J , :‘:.‘ ‘r’ , ‘ , ‘‘

‘ i t ’ - ‘ - ;  
, 
;.?“u’ -i’ . ’ ; n - . ; .’

b .mn (e ’ . ,-‘ ru t r , of ‘,-j b- ,taoc es mn - to  the CSF that do not .‘- .T - t in - : ‘ ‘i’,, [a, .’ ,’p i /:n r ’~~g.~ ,’ ‘o 
, 

‘ Rm1~i~~i’i ‘ . ‘ . ‘ -

r - i u n a r i l y pass •~~~,, BBB t u- t also increases tie in- Hel-d n- i ‘U, jn: ’n, ’i’ii : ~, ‘
~~~~t~t,~~~, ’n-

,,’- t’ .’, -, “‘:- n- c ’ ,

t ’ .u - .’-I lu l ar cc n ’m - m e t  rib i ’ m of  m eth otmm ’t , ’m ’e in h uman , ‘- lt.”/i.’ tu ”i’ s, ” ‘ I n , 21.- i . ‘ ‘ .‘ . ~~, J , ii” . ‘-N CIURS I
• In -u koc ytes. IN -i r,.f’.,) (Wa4h inq t on . D.C.): 91 ;

The eff u’ ct ’ of chronic low level mi n - - s a y , ’  exposure
on the levels of t n ii o doth y ronine , t in y r i x u n s ’, and

m YT m I rn - E P I E T I C  EFFECT OF VARIABLE r; [(TRO— th yroid - - stimulat ing hormone and on tIn - - serunu protein
MA G NE T I C  51fF FIELD. (Ru’..) Ka pu s tun , A. composi L i~iun in rat -s were inve s tiu ; ,ni e ui . Animals were

A . (I- n - e n -  S c - u t  ij c  Re’.. Inst - General and tost-enunal ex posed t o no “n-ru - than 10 ‘ n W / s m ’  if 2 .450 MHz m ic m ui
Hyq i C e , Ukrainian SSR H - ‘ u  - st  ry Pul I ic Heal t ’  - , 

~~~~~ 8 hr ‘tn day for 21 - ‘rise -c m i t  ye n-lays - Seruumi• K ie v , ‘ 5 1 , R udnev , M , I ., Leonskaia . C. I - . iori ,ui’,e l ’n vn’ ls were determined -.s n’m ’kl y by radioimuno-
Knoheeva , G. I . ..‘ .‘ ‘ . A-n - n t . 10 (5): 400-402; I - s a y  t ,- , h , m i  .

~
un -’ - , , a”m,l serum protein c umni5 ’umi ’, i t  ion was

i-n - m i  , ,‘ ‘- - 1 c i ’ u t m - u~ifmi , mt ’  t c.a II y , Thu.’ nm ’sum l t s  and ENd r
“i, m ‘f’ fec~ n- f  ,m van I - ,iuls ’ supe r h ‘ ‘ -i i f reg,sn ’nc v e Icc— 5 i ’ t p ~ Ii, ,a ns n - .t- on the low level exposure i - f  man
rommiagnet ft ti e - l i  with .s , ,av m ’ I “ u u u t t  I’ ‘ u f I?  c n n  mmi i n i l  Cro u- uavm ’ - . n ,r mt u , .u m n are discussed . (No r,’f’;

u,n’, i t  5 , .- - of 50 arid 500 W/~ - - on u - u - n - u ’ -  n - i ” -  a i n ’t  -

ma t - ‘ ‘ms was st  ed i - u i  in t n - - - bone mar row uul i , s t u n i ’ ,I

a l b i no r a t ’ , -‘‘: ‘ - ‘ - ‘  - . The an i m i, ii s , ,‘ m , ’ i r r , s u l i - m t e d

~~ 

n- - n  II’) ‘I s is , 7 hr l i l l y. 1 m m  n- h at i-in i t ‘ - - t h  inten- t m ’i(’~ OBSERVATIONS CON C ERNING BIOLOGICAL ACTIVE .
‘ .it  1 ,5 - -i im ’.m ’- l a ~ l u 1 ’ i i f i . ’ ,,nt i n i t i a l  i nc rease  in the NATURAL ELECTROMAGNETIC RADIATION OF L X -

‘ frequency ot cells w i t h  N ‘ ‘ - s ’ - ’ - ‘ u n  ‘Hon-n , TRE.MI LY t ow I NT l N’- IT Y (MEETING ABSTRACT) . (Eng I •

-, - n I y In s n ’ - I , em ‘ - pol yp lo i dy , . m - , ’ - u , I oi dy , chro— Sut u I , P. ; Sz u l  , M , 1’:: ‘“ ‘- ‘ . — 
- i I ; i.” ’ ,” h N n ’ li m . ’ .t ‘1”

mat Id dele ti on , ac,’r’ : n c  fragments , and , i n ,  ‘- - u t  Id  u ,n u n u i ,  .“~~
‘ , ‘r ’’;~ “ ‘in , - [‘‘n ~~~~ ‘‘:,:.‘ “ - ‘‘t - ‘,“ -S in - i t T

‘ 1 5 1 ’  . T i s t -  m c i  In ’nc s’ - 1  the aberrat ions was hig her ‘to ’ . - ‘ t/n ! - i t  ‘H:, ’ ‘m ’ ’ 5 rn -n - ‘ , . ‘ ‘ “ ‘ ‘ , ‘, ‘

2 muI ,sf t s- r i n ’,’ irr , n i f i nt ion than i ’uiru’ - -h i ately after ‘ I — u n - i’m ’ ’ , ‘- .‘ n - , ’ ’ t - ’ ,, ‘ . ‘ ‘ .‘ , !.‘ — , . ‘!, ‘ ‘ , !t/ ’lt . ISN(

irr a diation in t i ” group exposed t . - 50 1/1 - - hut URSI. (W ,u - h m n qt . - r ’ , D .C.): 118; 1976 -
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-
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Da ta concerning biolog ic a l l y  ac tive m ,. stura l electro- the same specific absorbed power density in expe n i—
magnetic radiation mI t’ut rm- n -- m ’ly low i nt en n,I ty are mental animals , As an examp le , the i nciden t p lane
re v i m ’wm’,i , E xistence of the nis tural sources of the wave power density required Ion a ‘souse would be
‘ , i ~,’n , -”,t ele ctromagnet ic ma ,Ii at ion in the frequency about 27 times greaten than that for the man for the
range n I  about 1 ,420 MHz has been s ta ted , T h i s  na- same average s p e c i f i c  absorbed power , (No refs,)
dia ti on is supposed l y ‘t ,-” s ”a ted by “msile cu lar genen-
at -mrs s ’ s m” imsed to geomagnetic I i m ’ l d s ,  In those gen-
crab ‘mc , magnetic dip o le transitions occur under the
influence of the pt ’ntur batio n s of these fields, The 4970 HYPERTHERMIA BY LOCAL EM HEATING (MEETING

ma in source of (hi’ - ma d ia t ion is water n-n o ited by ABSTRACT) . (Eng.) then , K . H ,; Gur u , B .
al ternating m agnetic or electromagnetic fields, S. s- n :,’ ,1m~n,,, .,, .[. ;j, of ‘H , ’ 12 /i An-’ ::mjl ‘mS - i_’ ’ .~n-’: - if
Other natu ral ma terials and plastics exhibit similar 1,12, - ,‘srtm’ r,:. ,” m - i nro l Union of Radio ,“- ‘

‘
n- ’m, ”m h e l l  ~~f

effects. Us i ng indirect methods the power densities tit, iu’5’~ u,n-7.3jn :,- O,,u .‘-~ : t ’~~ ~~~~~ ‘ tB , mi ”t ’Zm: ’P n-~ ’ , Ma8sarhs ,m—

can be estimated fr-urn a di pole antenna fed with power ‘n’~~°’~ 1 7 — 1 /  - - ‘ -‘ - - 1-cr , ? m ’n- . US~ C /URSI . (Washing-

in the range of l0-~~ to lO ”/2 W, The shape of the ton , D .C.): 139 ; 1976 .
rad i ,,tion pattern of the fi e ld sources depends upon
the -~~dt’ of excitation and t i’ ’  shape of the source . A s tudy was conducted to investi gate the distrib u tion

It has been confirm ed that for some power densitie s of power deposition in a biolog ic bod y w i t h  a can-
this madiatio rs is attenuated very l i t t l e  in material cerous part , when the b,uui~~ was illumi na ted partiall y
“mt.ul i,l i mnrsersed in magnetic field. This phenomenon by an electromagnetic (EM) field ,  It was found that

can be explained by quantu’l ph ys i c s . The rad ia t ion the cancerous part with a l ower conductivity dis-

reacts onl y wi th molecular and nsacroscopic resonant si pated more power , causing a h igh temperature in-
elemr nen ts , caus i ng changes of the radiated field and crease. The scheme of heating a local reg ion ‘if a
oth,’n para me ter ’-, It has been found that man and biolog ic bod y by u t i l i z i n g  the whole-bod y EM IlIu m -
,n ”m ima I~ “ s n - ’  spe c i f i c  centers generating coherent ina ti on and changi ng the conductivity of the local
e i ’ - ’ tr omaqnetic radiation in the frequency range of reg ion was also studied . It was found that whe n the

about I , L,7[ Mhz that react with radiation qnm nerat ed frequency of the EM fi eld was in the range of I to
iiy natural and a r t i f i c i a l  sources down to the thnes- 100 MHz , the increase of the conductivity of the lo-

hold val ue of extremely low inten s it y . (No ref’s.) cal reg ion usuall y caused a decrease instead of an
increase i n the absorbed power in that local reg ion .
I t is suggested that for a microwave EM field , there

g ion to gain the most effective EM heatIng. (No
(MEETING ABSTRACT) . (tog.) Johnson , C. r ef’..)

RADIO FREQUENCY RADIATION ~~SIMET RY HANDBOOK 
may exsst an optimum conductivity for the local re-

t,; Durney, C . H.; Bartuer , P . W, ; Massoud i , H .;
Al len , S. .:u:: ;’,’-. ‘ - ‘, - ,?u/i_ n - ) O  a ’ r u n-,’ , -~ ~6 ,tm;n n -n,:,’
‘% - / u’, , n ” tl’~,’ lot . n”,a’ ‘ s-u :/ ‘hi:’, s-i of n -:: ” c ~/ ‘-‘n -~~,

2 ’ Tos !‘n-~~ ’u rn: T n  ‘ 
~i.:. ,r :.’ , . ,~ eu ’ ‘ .r , ui ” ,U,’n ’:nt , 6 9 71  A COMPARATIVE HEATING PATTERN STUDY OF

ti,,t s,., Z .~~,,8 € T ;, i i — ; ~- O” - r - ” , :.’i” , USNCIURSI . D I R E C T  CONTACT APPL I CATORS I N  M I C R O W A V E
(Washington , D .C.): 11 9-1 20 ; 1976 . DIATHERMY (MEETING ABSTRACT) , (Eng.) Kanton , C .;

Cetas , T . C. .ini: Pro- ’n-- m ’ ~~ ‘tin:’ - ‘n f’ th, ’ 2,17/i 4u: mn: mj
A radnofrequency radia tion dosimetry handbook is ‘ti _ - i i ’s-t n i ’ tin, ’ 1’::ee’na:-’ ‘n - tI -‘-S: :’:in ‘f Rn-n-/t’,.’ :t ’ /,  nine
descr  i n-ed tha t at tempted to develop tI’m. ”,r,.’ tic rmse t l’s— Ii, i-I at ‘H :. - U’s-t / ,‘t’P,’,’n ’ i,I’ [Xw .” - z , ,4zu.s’, t tm: , Ar ’thei ’s r
ods f u n  relating apsorbed ene nu ty in man and anim als ‘~X2m t :t ’z, ’i ::m,’t, ’I ,’n-’, i l — I . ” ‘I - r- , :)’t’. IISNC /URS I
to the inciu t , ’nt radiation intensity to provide a (Washington , D.C .): 139 : 1976 .

i ’ m  ber ,ms,s’n b iolog ic effects observed in irradiated
anim al s and correspond i ng biolog ic effec ts that A comparative study of d i n e n - t  contact applicator
mi ght occur irs man. Hun’s-geneous spheroidal and heating patterns was conducted that irm clud ecf i nhomo—
t i l i p s o i d a l  models f humans and animals were used qeneously f i l l e d rectangular waveguides , c i r c u l a r l y
to calc ulate the dat,n . t ate n sive grap hs of calcu- polarized antennas , and other radiators appropriate

11 l , mt ,’d speci fic absorbed :iui,s,’n versus frequency for for microwave dia thermy . In addition , low power
typical mon ,ku, , , baboons , dogs , rabbi t s , Qu i nn’ s emitters (usuall y operating at power levels of less
pi gs , rat s , mice , eggs , pupae , as well as se veral than ID 61) , the only direct contact radiators pres-
typica l human forms in p la ne wave radiation wert’ in- ent ly i n c l i n i c a l  use , were i nves tigated . Multi-
clunin ”i , Th~ handbook should prove va l uabl e to re- layered planar and limb pha nt oms cons is t i ng of sim-
,s’ .s rcher s in microwave biol ogic effects because ut  ulated bone (I cm thick) and muscle material were
w il l  :-novide a cn ’m n vi- n l e nt nme,s,is ~ f es timating the ir radiated at a frequency of 2.45 GHz , and the mid-
spec i fc absorbed powe r in the anima l in terms of’ plane of each phantom was then exposed to an infrared
the incident fields on muuw ~’r density, and n - xtrap- therr sographic camera, Temperature profiles parallel
ola t in g observed anima l ,‘ffs ’ct to humans, For cx- to fat-muscle interface , as well as norma l to it , were
amp le , an experimenter who des irm ’s I n s  study p oss ible obtained to study maximum heating and depth of pene-
s’fl ”~~t s produced in humnans irradiated by a plane wave trat l on of microwave energy in muscle tissue . The
s I 10 mM/cm’ power densit y at 20 MHz w i t h  a specific temperature profile produced In a p lanar pha nt om by
onse ntati ,nn In the fields could look at a c n s r v m ’  in an app l i c a tor , consis ting of an open WR(430) red-
ti n’ hand book and find S i,,- calculated specific ab- (angular waveguide parti all y filled wi th teflon slabs

- - - Sor bed power density In an average man . He could to excite the transverse electromagnetic mode
- ‘ then ~~~~ at other curves and find the requirs’d in the unloaded middle portion , has a broad un i form

inciden t p la ne wave power den sity requ ired to produce center region . A birefr in qent crystal optical ther-I -
I I t  f~
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mosneter was p laced in  the mid-plane of each phantom rnnr’,. The animals , mostly do’i’, and cats , are ne-

ts- - ‘ t i t a n ’  termverature read i ngs and cooling rates in Ienned by local veterinarians , Treatments consist
the r”qi on of he iatinq . It was found that leakage of heat alone , e.g., 43°C for 30 mI nt ; x- irradi a tion
radiation level s could be maintained below 5 n*I/cm2 alone , e .g. , 4,000 nads/4 wk ; or a combination of
(equivalen t p la ne wave power density) , If the app l i -  the two . Localized heating i s induced by radio-
c,)tor aperture size was cons i derabl y sma ller than frequency current fields (500 KHz) , m icrowave dia-
the phantom size, (No refs,) thermny (2,450 and 915 MHz), or shor twave (27.1 MHz)

diathermy . Temperatures are mon i tored w i t h  a non-
pertun bing f iber  op t i c  thermometer incorpo rat ing a
birefr lngen t crystal as a sensor and with thermistor

DUAL BEA M TtM APPLICATOR FOR DIRECT CON- p robes. Therrmographic techni ques both in pha nt oms
TACT HEATING OF DI ELECTRICALLY ENCA PSU and , whe n poss i b l e , on the actua l subject’. are used

LATE i MAL I GNANT MOUSE TUMOR (MEETING ABSTRACT) . to determine the therma l pattern. Al l  thermome try
([nit.) Cheunut , A.  V .; Dan , T.; Robinson , J . E.  Tic : is tied to a laboratory standards fa c i l i t y ,  which is

accurate to better than 0 01 C The buo log sc as
it ,‘ . n t t  - - 

-

. 
- ‘:. ‘, umin . , ?  ,: ‘ n -c ‘, : : c r-  pec ts are supported by cell culture and laboratory

2 ” ~~~~~~ n-’ , ,.t, - r~~, ~mn n:~ r’:m ’ , ,t~-zn,n . z,~’n -n- sn - t ,’’’ ,n , I 1 1 5  anima l studies in adjacent laboratori e s. Pad iat ion
- - - - - . 197/ i .  IISNC /URSI . (Washington , D .C,): 140; oncolog ists consult regularly on the treat m e n ts.

1976. (No refs .)

A microwave heating technique that employs a direct
parallel to parallel opposed treatment field for
use i n ionizing radiation therapy is described . The 4974 WHOLE BODY DOSIMETRY OF AN I MALS: THE
sources of irradiation are two opposite-d i rected EFFECT OF WE I GHT AND EXPOSURE GEOMETRY
“TEM” app l icators operating at 2 ,450 MHz, The ap (MEETING ABSTRACT). (Eng.) Kinn , J . B. ,:,’
p l i ca tor desi gn consis t s of an open-ended rectangular  ~~~~ :- ‘ ,~~~~ ~,“ t;~ i.n- ”u

~ .-~‘:‘ .n -- ’: 
- i/n-, tn - ic/i /i,” ‘H: I’::y ’p ’:-i—

waveg u ide . partia lly loaded with low loss d i e l e c t r i c  u -  .n-n- -
’ ’n- - -’ ‘ m , n-n . ’ A’,:.j f, ’m ‘“ n ’ . .1/n - n -’! -~~ ‘Hs, Ums-t ,’Ver_

sla bs. Such a structure can support a TEM mode of 
~~~~~~~ n- - i ’ .“t-n , ’.n , z ’ : m , ’, t ,’ n- ’ , ul”,?:, ’ r,:’ , .2/n-i i:~~taaeT-E8, I -l ,6

propagation . The i mpedance mismatch qenerated from - ‘ ‘ ‘~~- ! -  r , / 2 ” . USNC/URS I  - (Washington , D.C.) : 42;
the TE to TEN tran s ition and from the aperture-ti Ssue 1976 .
boundary are compensated by a properl y des i gned taper
and a quantem ”wave transformer. On direct contact Whole body energy absorption of 2 ,450 MHz radiation
with a tissue-equivalent slab , the TEN app l i c a tor was meas u red In ra t s  over a wei gh t range of 9-440 g
heats un if o rn” I y in the transverse plane ( .2~ C at - and in m ice ra ng ing from 30-50 q to determine the
45°C) - To 2,-st the apparatus , exposed C3H mouse effect of weight and exposure geometry on such ab-
t umors , 1 cm in diameter and transplanted to grow on sorption . Simultaneous exposures of groups of ani-
the flan k ,f mice , n--ms- n m’ encapsulated wi t h i n  simulated stsals in va rious configurations were made in a free
,,“ s n t n m ’ n  n’na ’c,’m ia l s with di e lectric properties similar field condition in an anechoic chamber. Measur e-
to that of’ the tumor to form a rectangular slab. ments of whole bod y absorption were made with  twin-
The t h i c ~~’nmn - ss -~~ the slab along the direction of cell calori meters. Preliminary results indicated
propagation was desi gned so that the super-positio n tha t the range of energy absorption may vary by a
of two exponentially decreasing heating fi elds from factor of 2-7 w i t h i n  specific weight groups . The
opposite directions would generate a unIform t,’,,1 ,s’ r- i m plication of t h i s  spread on the choice of incident
at ure distribution. Two 1CM applicators in direct power levels used in d o s e - e f f e c t  s tud ies  is d is-
contact w i t h  the slab were used to heat from oppo snte cussed . Comparison of the measured dose of theo-
sides at alterna te time intervals ‘if 5-50 sec. Al netic values produced by a spherical shell model
‘n’m natin g at 30 sec . tw in applicators operating at showed conside rable variations of the observed from
30 61 f u n  10 mm , produced a temperature of 42 ‘ .1°C the predicted , Specific relationships of absorbed
over the entire tumor vo l ume , compared with a 2°C dose to power density and s i re  are presented .
f n - i m , t  t i m  barS’ ‘m op when ,n sing le app licator was used (No refs .)
al one under S f ’  same condition. (No refs.)

4975 COMBINED EFFECT OF MICROWAVE HYPERTHERMIA

4973 THE liSt OF SPONTANEOUSLY OCCURRIN G ANIMAL AND PURIFIED BACTERIAL TOXINS ON DEVELOP-
TUMORS FOR PRECIINI CA L TESTING OF HYPER- MENT OF SARCOMA-18O AND GUER IN TUMORS (MEETING AB-

~~ TH ER MIA TREATMENTS (M EETING ABSTRACT ) . ( E nq . )  ST RA CT) , (Eng.) S z n miqiclsk i , S.; Bi el ec , H,;
Conno r U G Roth H B Mc Kel v u e  D H Us Is n Janm ak H 1 z ~~ I ii if

S . F - ; Ce tas , T - C .  Tm .’: ‘~‘ - ‘, - /:u ’isT - ‘f’ ‘H:, - ,t ~i . ’/i m , “ ~~ 
- : ‘: ‘, on- sk i  / ‘.“, I -n - “ RaI:’,’ ,~ ‘ f m ’s-tn-’,

/ 1 J s-’ 5, s-~ Pa 2 t / ½ i / J ~~
Field ‘i ~~- u,, ’ ,, .’ ’ ’ ,(i m’ ’. ’, . m n i . i i s , ’, t ’ , ‘- S : , i.;.: ”t u. - ’ ’ ,’ , / s - — / b  ‘ t n - - / s i’ , !2’~~. U5N C/URS I ,

fr’ ~~~ ‘t , mn - ’ , ’ :” : m:’ . ‘ ‘ n , u- :’ - ’  , - , :.s:’i’. usNc/ ( W a s h i n m q t m u n n , D . C . ) :  1 4 1- 1 42 ;  1976 .
U~ S I .  (Was h ing ton , 0- C .): 141 ; I/ /f , .

Mice wi th transplantable Sarcoma 180 on rats with
ii Tumo r - , y ’ ,S,’mm ’, occurring spontaneous ly i n  animals are transplantable Guerin tumor were exposed to micro-

bein q used as experimental models for the develop- wave hype rtherm ia (40 in *,Jfcm 2 , 3 hr dail y) at various
mnent of i n . - s t i n g  and thermal do s im e tmi t techn i ques periods after transplantation of the tumor to study
i n n be us,’,l in hyperthermia treatments of human tu- the combined effect of microwave hyperthermia and

40 1
- - - “~~~~~~~~~~~~~ 
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bac te r ial  t ox i ns  on tumor deve lop mns.’ u m t  - Rectal tern- stant , which contains the absorption C ro s s- S eC t i O n
pe ratune  was measured dur ing i r ra d i a t i o n  ( l i q u i d  of the sample . The l a t te r  constant is  not necessary
crysta I probe), i- n i  - f i s t r i b u t  ion of temperatures on for calculation of the rate of energy absorption .
the hn~,f y surface was observed , The anim a ls were Data are presented demonstrating the use of the
t r e a t e d  w i t h  hi ghl y p - u n i f i e d  Streptol ys i n 0 , s taph’5m lo- method for far field exposure of samp les contained
coccal phosphol i pas~’ C lb eta— hemol ysin ) , on wi th in tissue culture flasks and petri dishes as well
cy cl o phosphamid e (pos itive contrnm l s ). The toxins as for exposure of a samp le a t the end of a wave
were admini stered dail y and g ive n alone or in combin- guide transmission line . (No refs.)
at ion with microwav e hyper thermia. Surviva l rate .
.‘me i 9ht and si ,’e of t umors , and i ncorpo rat ion ra te
,,

~~ 
5H’.t”ymid s ne , ‘H n - u n i d i ne , and ‘H- qly ci n e into

tucmmr tissue were studied . M icn ,swave hyperthenm la 4978 MIC R O W A V E  I R R A D I A T I O N  OF ISOLATED RAT

resulted  in i n h ) h i t i on  of tumo r qrni,,’th in about 25- HEARTS TREATED WITH ANS BLOCKING DRUGS

30 of animals. The combined l rm ’ utm e n t  w i t h  micro— (MEETING ABSTRACT) . (Eng.) Reed , J. R. : l I t ;
wave hyperth ernru ia ari d Streptol ysin 0 resulted in Lords , J. L .; Dunney, C , H . (s-i : T’ r n - ’ , i? - ’?:s -t ctt of the
regress ion o~ t unn~ ur in 50— 7 0’ of m inimal s , depend— ~i’~~mt ,1s- m t2 n - ; 2 5 - n  m 1’s-7~ ,n- ” ‘ k, Tm : n - , ’r s - i a t ’n - -na ? !.ln: mi on-’

i nq on the t ime schedu le  of the t r e a t m e n t ,  The ° ‘um — ‘ ‘u ’s-: ‘- - F/el I : ‘i’ ‘-i ‘tu’r$7 ty n- ’f ~ n~ itn-~ an-’k:n--

best  re s u l t s  ,..,‘n,- u n - t u n e d  in animals treated in the 8e~~t8 , ‘l”tmi .’ rict ’ , .‘-/Jn -,t . ’t”P,, ’- ‘ ‘ n- , 11— 15 ‘~~~‘n - - PT’ I~~~i’ .
1ih ,js,’ of logarithmic qrowth nu f the tumors. (No r e fs . )  USNC/U RS I .  (Washington , D . C . ) :  1 1 5 - 1 1 6 ;  1976 .

I n the work reported here rat hearts In which both
system s, parasympathetic and sympathetic , are

ELECTRO MAGNETIC POWER DEPOSITION IN MAN blocked by the respective drugs showed no si g n i f i —
AND ANIMALS WITH AND WITH OUT GROUND AND cant e f f ec t  upon i r r a d i a t i o n . W i t h  respect to the se

REFlECTOR EFFECTS (MEETING ABSTRACT) - (Eng.) data , it is hypothesized Shat the microwave energy
Gandhi , 0. P. ;  Hunt , F.  L . ;  D’Andrea , J. n- u:: Pr ’n - i n t e r a c ts  w i t h  the autonomic nerve remnants present 

m’ ‘h, 7,c ’ i ’  nl :o,u. t ~ tt~e ’-’m-q n - f  ‘i t , - Ts-i ’,’rm :.-u- in the e x c i s e d  h e a r t s .  Althoug h the mechanism is as
‘“n-na,’ -“ilos-: ,. “ Rai l-: ’ . ’ , t . ” , n ’ .~~ /i.. ’ f ~~ ‘l~, Uu: ” n ’n ’ t’ :’ ’ t’m yet undetermin ed , it is believed that neunotran s—

,,‘m’, ’/ .n - 7 ’ ‘i, ’ - ’ t ”: - ,, ’e ’5 ~ n , lI—J ~ mitten is likel y to be involved in the process.
‘ - -n - , ‘27” , USNC/ URSI . (Washington , D . C . ) :  The dose ra te  (absorbed power d e n s i t y )  in the hear t

42~ 1976 . was calculated from the rate of temperature rise
d uring irradiation . The temperature was measured

Ex perimental results are g iven for electromagnetic by the li quid crystal optica l fiber probe , which
power deposition in man models and rats In the pres- being nonmeta lic , is not d i s r u p t i v e  to the microwave
ence of flat and 90°-cor ner rs’ flm -ctors. Whole body field . (No refs .)
absor ptions 5-20 times that at resonance values
were observed for spacings to the reflecting sur-
fac es accuratel y predicted from antenna theory.
P r o j e c t e d  energy depos i t i o n  r a t e s  for man anmi ani- 4979 BEHAVIORAL AND PHYSIOLOGICAL EFFECTS OF
mals sub jec ted to incident f i e l d s  i—f 10 mW/c : - :  are CHRONIC PULSE—MODULATED MICROWAVE RAD IA
, nesenled wit h  and without ground and re 1 l ec tor ef- TION IN RATS (MEETING ABSTRACT) . (Eng.) Lovely, R.
fects . Resonance values as hi gh as 3000-6000 W for H.; Myers , 0. E .; Johnson , R. B.; Guy, A. W .
ad ult humans are predicted . The times to convulsion Prc,’i/F ’iIu :,’ n - n ‘: ‘ r n - c  7~~7(’ -In- s -un-tI ~~~, tin-n of n-k,’ Tht-er—
of 100 and 400 g rats for incident field in t en s i— ‘,:t7- ’u’ ,t ’ n-~n-!.,’s-t ,

, ‘ ,t/’ t jj n -m Sc/i - m i, ,’,- Hel 7 :t tk , ’ )5,t:”er—
ti e s of 5—20 mW/cm 2 confirme d some of the hi ghest 1:0 t i  i.i ’-*t2 ’n-’ n-’ ’n . m n-~- ’ ’/ i n - 7, -i” n -- - n - c r • ,‘“:,‘m n --’, ‘,n , 11— 75

proje c t i o n s  in the presence of re f ’l s’ct i n g surfaces. Gr”’ - .n- n- ’r , Y ,~”7, USNC /URS I - (Washington , D.C.) : 92;
(No nef~~.) 1976 .

Tn determine the behavioral and phys io log ic effec ts
of chro nic microwave exposure , e igh t male ra t s were

5n m 7  USE OF HEATING AND COOLING CURVES TO MEA- irradiated for 3 rmo with 918 MHz microwaves pulse-
SURE MICROWAVE ENERGY ABSORPT I ON I’) B lO ” modulated at Il Hz , for 10 hr/ night , and at an aver-

LOGICAL SAMPLE S (MEETING ABSTRACT). (Eng.) A l l i s , age power density of 2.5 mW/cm’- (spatiall y averaged
J. 61.; Blackman , C. F- Fri- mm, ’ , H, I..; Benane , S.  C .  n n v i ’r the cross-Section of the exposure chamber).

‘, (l’s: Thi~e’.”Ifp iqa a” the IbTi ’ ,tm :fl, m’2 7 ‘
~ tjfln - O~

’ ‘ n - p - The exposure apparatus consisted of cylindrical wave—
An: , - ‘s-/a .’,: :51/ ‘ s-i - nm -  ‘if’ Rail7 7’ ,. - ’ 0. - ! d n - t ui : guide capable of delivering circularly polarized
“::‘ ,n--r.’i ” s- nm ‘u/’ .~f4R8 /. i mCi tn - n , A”.h. “.‘ ‘ , f , tn -t n - s. :’.,, ,,t, n - t n - : , guided waves (It 

~i mode ) and a l i v i n g  chamber de—
- ‘ r e / n - -  n- , 

‘ .“. USNC/URS I . (w .m’-h i nqt n n , D.C.) : signed to l’s’ compat ib le  w i t h  laboratory  cond i t i ons
4 3 ;  ‘37k . required by rodents. The cylindrica l waveguid e al-

l owed for easy quantification of’ the fields in terms
A method is descn ibs ’d that uses the entire heating of incident power , t otal absorpt ion , and spe c i f i c
in cooli ng curve t(’ measSine rate -~c mic rowave energy absorp tion naS ,’ for each exposed anima l , i ndependen t

ab sorpt ion In b io log ic  samples rather than re l y i ng  ,,f other rodents be ing simultaneously exposed . PIty-
‘inn S b,’ estimation of the i n i t i a l  slope . The cooling simm l oq ic and behavioral comparisons between the ei ght
Constant and temper atur ’ rise ~f t hs ’  sample due to i r r a d i a t e d  and ei ght ch,i”- i r r a d i at e d  control  ra t s

u m a d  ia 5  Ion can be a bS a i ned d i r e c t I’, from “ I t  hs ’ r a included d a i l y  food a- id s a c c h a r i n / w a t e r  intake. In
heat ’,,-j or a cooling curvm ’, Th •- me thod does not me- addition , aperiodic assessments were made of deep
gu m ,’ the nie term in u at Ion of t fu m - ‘u n - s r  m g  cur- n- ,’ Con- colonic temperatures , beha v io ra l  reperto i re dur ing
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radiation , and serum chemistry (I.e., c a l c i um , sod i um , wave exposures and pensis t’ n -t throughout the course
,,ic ’ r a s sin - i u nu , chlor ine , blood-urea-nitrogen , CO 2. io n of a 5-hr per day , 22-wk i r ra d i a t i o n  sequence . D a i l y
gap, gl ucose , as well as basal and ether-stress- core temperature samp l ing produced no ev idence of
i nduced levels of cortico sterone). The results of whole—body heating In irradiated rats. It was con-
these ,m’~sessments are discussed in terms of the bio - cluded that the observed behavioral effects are con-
logic effects i - f  equivalent continuous wave average sl stent with a general activation hypothesis , sug-
power de’m s i t ~~, as well as in terms of the existing ge sting the possibility of microwave-induce d altera-
l it era t.u re , (No refs .) tions in central nervous system activit y, al though

the exact mechanIsm remains unclean. Eva l uation
of the present findings in conjunction with those
reported by other investigators suggests that a given

Y n-S: : DRUG- I ND~ C ED ECTOTHERM IA IN SMALL MAMMALS: behavioral  outcome may depend In complex ways upon
THE QUEST FOR A BIOLOGICAL DOSIMETER specific combinations of irradiation parameters. The

(MEETING ABSTRACT). (Eng.) Puttho ff , 0. 1.; Juste - need for increased standardization in l aboratory
sen ,D. R .; Levl nson . D. M , , Ward , 1. B . ,“t : PrO’ techni ques and parad i gms was stressed , with part icu-
‘~~‘a. s-::~~ n-. n - .., C ~ 

‘ n- - t t , n:n o; n - -i , Tnter,~~— Ian emphasis on modes and procedures of irradiation . 
‘I /~ii~ ’: n-:~

’ 
~~dj~ So.” ‘ ‘- H e l - /  a t t n - u. “: n - t Y e ”o~~t~ (No re f s , )

of n-t~n- i’,i ..’ ’~t,,O.’t  ‘ ,; , ‘“ ‘,- i n - - : , ?~~88.’ ”::~n-t u, ’n - t/ ’ , i 2 ~~h’
Oc ’rt ’her , 1??~~. USNC/URSI. (Washington . D.C .) : 43~
1 q76 ,

4982 RADIATORS FOR MICROWAVE BIOLOGICAL EFFECTS
The use of chemical agents to mender maurynals ec to- RESEAR CH--WAVEGU IDE SLOT ARRAY WITH CON-
ths n- r- ,ic , thus ena b l i n g t he convers io n of pre- and STANT RADIATION I NTENSITY (MEETING ABSTRACT) . (Eng.)
post -radiation temperatures n-if the animal i n to  e s t i -  Hagmann , M. J . ;  Gandhi , 0. P . :s- i : Prn:i7e ’ tin-n-Os - - n -”
mates of quantit ies of absorbed energy,  is repo r ted . t: , /276 u4flr.~~Oi i f , t :i : n- n- n t ’ ‘h 7n trm ’rui,:iti.,s-to Z Y’n-” - -’s-:
So- m umni s a l i c y la te and con tis , r m n- acetate were admin- - “ -n ’n-~.j ” c ,:“-“: ‘. Held ~ t ‘H:’: , ‘. i::’ i n , ’r n- m , t - , of  Masaac ’ha—
i s t e red  to mice , ra t s , guinea pigs , and r a b b i t s  of aet:,n , n-4ttihera ’- , ,~ 2n -132 ,’m ’/uCctt8, 11—it “c ti-ticr , 1976.
both sexes and of pigmented and albino strains , and USNi/URS I . (Washington , D .C .) : 66 ; 197 6.
tb s - i r effects on colonic and rectal temperature were
studied . While the sa l icy l ate produced a marked A long i tudinal shunt slot array having a pattern with
hypotherma l response in mice and rats , it was less nearly constant radiation intensity over the beam-
e f f ec t lye i n guinea p i gs and rabbits and was other- wid th and zero intensity outside was desi gned for
wise variable with respect to strain. Cortisone use in microwave biolog ic studies with large or multi-
orod uced a more uniform hypothern’na l response; stud- p lc targets. A beamw idth of 12,5’ was chosen as
ies of mice and rats revealed that increments of being small enough for a radia ted beam to approx i mate
colonic temperature free’ short periods of moderately a plane wave yet give enoug h divergenc e for conven-
t ’m erurn a l izi n g microwave radiation yielded estimates ient chamber dimensions . Disconti n uities in the
of energy dosing that were accurate within t lOx . desired pattern force the Four ier-synthesized pattern
I t is conc l uded that cortisone is useful in micro- to have si gnificant errors due to overshoot and ri p-
wave doi. metry studies in the free field where an p le. Sol utions developed on the basis of Fejen sums
empirical fit between measures of inc i dent and ab- and Lanczos ’ -‘ factors gave patterns with objection-
sorbed energy is the obj ec tivp , (No reft,) able round i ng . A new pr ocedure based on wei ghted

leas t squares was developed for optimum characteris-
tics . The tesr desi gn at 10.4 GHz used 9 slots and
had a Lalcu lated varia tion of ‘ 5~ 

i n radiation in—
4~ 8I EFFECTS OF CHRONIC ATHERMAL MICROWAVE R.A DIA - tensity over the 12.5 ’ bearrs’m idth with 8o~ of the

lION ON INNATE AND LEARNED BEHAVIORS IN total radiated power contained within the beamwidth.
RATS (MEETING ABSTRACT) , (Eng,) Mitchell , 0. S.; Exp erimental results on this antenna are presented .
Swit zer , 61. G .; Bronaugl’r , E . 1, !’-: /t ‘n m ’ - n- in - ’ n ” (No refs.)

j, n - ”~’ ,mnnu ’j ! Meet “ s- n - - n 0 ‘,he ,‘-s-t t,:Y’s-’,/ ” ten-ui l “s -c’ n-mi

o” Radio Sal.  s-: ‘~ Rein-i ~ s- 
~ k- “i ‘~ r ’ ” s- t n- ‘n-n- n-’ ‘- ‘-w. n ‘

~.‘hi,n-

o R t ’i - ’ , 2 ’— k ”y ’n-- ’ ’ , ‘-~~:‘ . ‘ n- ’n- - ,n-’n~’t:e , I l — i n - ,  ti” ’ -n-ben ’, 2976 .
USN C/ URS I . (Washin gton , D .C.) : 92; 1976 . 4983 A MICROWAVE EXPOSURE SYSTEM FOR PRIMATES

(MEETING ABSTRACT) . (Eng.) Heynlck , L .
A -iu lt imnode microwave exposure chamber was designed , N.; Po i son , P. ; Karp, A. Tn.~~ n-’ y ’ -o u ’c ? / “ t n - n  . - ‘ tk,’ I? 7/’
c a Hb r a t e d , and emp loyed t i n -  invest i gate the effects nis-:’i.,n-Z.. 7/n-” ‘ ‘tm: ,; c ” tn-i - ‘n: ’, n-mn- ;ti~ -m n - , ;, ‘‘u~ 

n- ,,
~ of Pi.rjin-.n

- - ‘ chronic 2 .45 r,Hz cont inuous -wave r a d i a t i o n  at an , ‘ “.“, .‘u ’ Rein - I  at tn-i’ ,‘ -ut/ ’/ n t , P R t t n -  -“i’ M,.- n - :n - :n - ,‘ku. ’,’t  r n - n , A r’s—
equi talent p lane-wave power density of 5 “mW/cur - on hen-n-n’, ~u(;,$n-n n-~

.;:.. ,8ett3 2i~~/ n - ,°‘ti ’/’,’t’, Ju :’ /? USNC/
Inna te and learned behaviors ui ra t s .  R e l a t iv e  to U R S I .  (Wash ing ton , D . C . ) :  66; 1976 .
sham-irra diated controls , i rradiated subjects dis-
played stati ’ u i ca ll y si gnifica nt increases in loco - A set of cavity/cage units for chronic irradiation
m i— u r a c t i vit y , rel ia ble evidence of disrupted dif - of macaques and smaller animals at 2.65 GHz was de-
ferent i-il respond ing during asymptotic d i scrim ina- veloped . Each cavity was a three-foot , mul t imode ,
tive operaru t reward conditioning, hut n” si gnificant mode -stirred cube excited by a magnetron. Forward
d i f fm ,’rcnces in S dnan avoidance conditioning parfor- and reflected powers were measured by calibrated
mmance . C”mm ’n çnarison s with pr e-l rrad la t lon bagel Inc diode detectors in a bidirectional coup le r be tween
‘late revea l ed that the observed effects emer ged a)- the magnetron and c a v i t y .  Powe r values were set by
-‘v t l nrted .m,s-l v following the i n I t i a t i o n  of micro- phase-ang le selec tion and ma intain ed constant by

_ _ _ _ _ _ _ _  - -~~~~~~ - —~~~~~~ - ‘: .
~~~~~~~~ 
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detector-output feedback to a thy n i stom control cir - in accurate determination of the dielectric constant
cui t , The cage was of low radiofreguency-loss- and c o n d u c t i v i t y  in d ie lec t r I c  m a t e r i a l s  of known
tan gent materials. Calorimetry with saline-fill ed properties . The electrical properties of blood and
b o t t l es  and do l ls  was used to determine energy ab- various so l id  biolog ic m at e r l a l s  were determined ,
sorption values as related to net i nput power and and the propertie s of the white blood c e l l s  were
t im e ,  Calori metric measurements were taken wIth measured as a function of temperature, The resul ts
pla ne-wave irradiation in an anechoic chamber to were sun~nan ized  in the plots of th e electrical prop-
es tabli sh total absorbed power equivalen ce between enti es of the biologic materials with temperature
the two irradiation methods, ScannIng infrared and quantities of the samples as parameters , and good
thermography was also performed on macaque carcasses repeatibility was Observed throughout the range of
irrad ia ted in the cavity/cage unit. Twelve unit s investi ga tion. (No refs.)
are currently in use for i nvestigatin g behavioral
effec ts on squirrel monkeys subjected to chronic ir-
rad ia tio n , (No refs.)

4986 MICROWAVE DOSIMETRY V I A  ELECTRIC FIELD
MAPPING WITHIN FULL-SIZE AND SCALED PHANTOM

MODELS (MEETING ABSTRACT) . (tnq.) Herchenroeder ,
4984 INTERNAL Ef4 FIELD AND ABSORBED POWER DEN- P.; Cheung , A. V. ; Swicord , H .; Bassen , H . in: PrO-

SIlY IN HUMA N TORSOS INDUCED BY I TO 500 cneedinga o ” thu 12” ,t ,ir,s-tun-i ’ tln’, - t i s - n cn- ~ “ the ~
‘n-n -n’ r ”.n-~-MHz EM WAVES (MEETING ABSTRACT) . (Eng.) Guru , B , tiona l Union of ’ Rad ii, [t o/n -mic e HeZ d at the lfrtivers:’ t’j

S .; Chen , K. M . mn -: - ’n-n---’ .’m: zin:n- e~~~
’ n -he ‘2 i Annual of  Ma~ aaohus e tt~~, As- ’shers t , ~~~~~~~~~~~~~~ 2 2 — 1 5

k’.:~~:m; ,’ ,‘ r’ ,n - -  Is- : r , - n ’mn - ;t/n-nm’.n- n - .’ -‘-‘n - i o n  i n- ” in-odin - ’ - ‘:, -m ,s-i .(,‘Hiu’r J 9 ” . USNC/URS I . (Washington , D . C . )  : 40;
.‘/nn- in7 ~ C ‘n -n , 1/ni- ’, re/ f’.i °:‘ ,t,’n-,/.’n;/ z, ’in - n - u , n ,: 

~
‘ ,i ’—- ,-r n- mt , 1 976 .

J ~~~~~~~ ‘.-~ .‘,‘s-’, ,n , J~~— 7~- -n - n-~ n-~~b ;‘, J9” i’. USNC/URS I
(Washington , D.C.): 39; 1976 , Electric field strengths and patterns induced by

plane wave irradia tion within Var ious tissue struc—
Numeri c results are presented on the Internal elec- tunes were examined using a calibrated , rmonperturbing ,
tmomagnetic (EM) field and absorbed power density isotropic electric field probe . The probe was im
inside a human torso induced by EM waves of frequen- planted Inside simulated tissue phantoms of various
c i e s  ra nging from 1 to 500 P”èlz with vertical and shapes and sizes . To establish the r e l i a b i l i t y  of
ho ri zon tal polarizations. The induced fields inside the probe for imp lanta t ion  measurement , the va lues
the torso were dependent on the frequency and the of the electric field detected by the probe ins i de
torso geometry. Resonance phenomena at particular p lane wave i rradiated phantoms of simp le geometry
frequencies were evaluated , Theoretic results were (planar slabs and spheres) were compared with theo-
ob tained based on the tensor integral equation net i c predictions at 915 MHz and 2 ,450 MHz . Under
‘me thod , and some of the theoretic predictions were all conditions , the magni tude and re la t ive pa tt ern
compared with existing experimental results. (No of electric field distributions agreed closel y with
re fs.) existing theo,’etic predIc tions . Us i ng the same

probe , absolu te electric field intensity at various
l oca t ions  were made w i t h i n  h a l f - s i z e d  and quarter-
s ized huma n phantoms (w i t h  properl y ad justed d cc-

4985 MEASUREMENT OF THE ~iIELECTR IC CONSTANT AND tni cal properties) deve loped for simulated total
CONDUCTIVITY OF BIOLOGICAL MATERIALS BY body exposure s t u d i e s  at 915 MHz and 2 ,450 MHz. One-

MICROWAVE CAVITY PERTURBATION METHOD (MEETING AS- dimensional and two-dimens ional E-fie ld distr ibutions
STR,ACT). (Eng.) Ma , C. H.; Dea ton , D . i’s: “rn- n - , i

~ed~ throughout the body were mapped us i ng data generated
imam of the :2 6 Annual *r,’ n- ’jtt o~

’ ‘H-o Is-s ’, -r ’n- ; t i ona l  from continuous s i n g l e - a x is  probe-scans and sec t Iona l
Radio ‘ ‘ .n - i~fl<.,- Ret’! -a r ,  the linfUe rRj tn n - if therrmv graph ic presentat ion at var ious locat ions ,

tf25n -~.j, .frn- ,8,” tn - c , “i- ”thm ’rn’ , ‘f~ n- ’ n - n - n-, ~~~~ ‘e , 1 l — n -’/ n- ,- ’f , ’/ - -,’r The sim ultaneous use of the E—fi el d probe , together
19,’r’, USNC/URSI. (Washington , D.C.): 47; 1976. with thermography, gave a complete detailed , quan ti-

t a t ive eva lua t ion  of induced internal electromagnetic
The e l e c t r i c a l  properties ‘n - f b lood and so l i d  b io log ic field under var ious exposure cond i t i ons .  (No re fs . )
materia l s were dete rn - ’- i ned ‘mm, , the measurements of
the resonant frequency and Q of the resonance curve
nt microwave cavities with and without samp les i nside
t’~e Cavities. Unlike the n,’ u m ’w rx n l y used transmission 4987 BIOLOGICAL PHANTOM MATERIALS FOR SIMULATING
l i ne and waveguide methods in wh i ch the accuracy and MAN AT DIFFERENT FREQUENCIES (MEEIING AB ’
r”zi”a t l b i l i t y  are c r i t i c a l l y dependent upon the ac- STRACT) . (Eng.) Gandhi , 0 . P . ; Sed i gh , K. mn -
cura te  - - - n .-asur e m’me nt of the samp le d i - ’ mm ’ ns i on s ,  the Pro ,’ Jz’s- .;n- n C n- n : , - J9~ C - in - s - tn - , -’n- ! /, *- , n - n - in, 7 of the T’nter—
susoothness n~ the samp le  su r faces , s licing and pack- national ut;/(~m n - o,n-’ Ri,iIi~ ’ .n-’ ’” , ‘,-‘ H~~J ot  ‘His-n-
ing techniques , it was found that the accuracy of Bit’z1 of t)l;rc ;~~i : : un - ? ,  t ’ ,n , 4r ’shcre t , .t!n- z s s , z o h u cr , n - s - n -, 11—15
the cavi ty perturbation method rd ied only on the n,.t , n- j ;‘, in -) ‘ u ’. US NC/UR S I - (Washington , D .C.): 40;
- ‘- c uracy of mass measunem nt-nt of then - sample , if the 1976 ,
samp le -was small compared with the avity and was
plac ed in th~ region . i tt, approximatel y uniform Compositions of biologic phantom materials for slm-
fiel d. Circularly cy l indr i cal cavities with sample ulating man over the frequency range 13-570 MHz (In-
filled glass t ube as a central rod were used in the cludin g the i mportant resonance regions of 33 and
exper iments. I n i t i a l l y ,  measurements to verif y t he 65 MHz) are g i ven . These materials were developed
accuracy nf the techn i que were pe r formed , resul ting to f i l l  eight prop ortionately scaled man-shaped cav i-
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ties of hei ght 7.6-40.6 cm for dosim etri c measure- sorbed dose measurements were determined by twin-
ments at 300 , 400, 600, 915 . 985, and 2 ,450 MHz . well calor i metry. One hour after irradiation , blood
Comp l ex len - i t t  i vity (‘ ~

) measurements at the im- l ymphocy tes were obtained from orbital hemorrhage .
radiation ~nequenci es were made using a modi f ied  C e l l s  were cu l tured for 1 day i f  unst imulated or for
vers ion of the coax ia l  l ine  me t hod . Models reduced 3 days i f  s t i m u l a t e d  w i t h  phytohemagglut in in (PH A)
by 8 in a l l  dimensions a l lowed s imulat ion of man at to i nduce m i t o s i s .  A f t e r  te rminat ion , lymphocytes
frequencies g iven by (expe r imen ta t i on  f requency)/B , were proces sed for morp hc log ic and cytogenet ic  analy-
prov ided m a t e r i a l s  w i t h  at ( lower)  s imula ted f re-  ses w i t h  a b r i e f  co ich ic ine  treatment to arrest  c e l l s
quenc ies were used , Whole-bod y average values of in metaphase . Microwave radiation caused a dose-

a t simulated frequencies were first calculated related (5-30 n*~/cm
2) increase in b l a s t i c  transforrna-

on the basis of 65n-, muscle and tissues of high water tion (increase In nuc l ear size by three fold In area)
content and 35~ fat, bone , and tissues of low water of unst imulated l ymphocytes. However , frequency of
content on the basis of tissue values extrapo lated cell d i v i s i o n u  from PHA-stimu lat ion decreased in ir-
f ro r’ publ ished da ta ,  Several compos i t ions  of s a l t , rad iated samp les .  Both e f f e c t s  were evident at 5
polyeth y lene powder , Supers tu f f , and water  were mW/cm 2 . Autorad i ognaph y of cells labelled with
f l- s t measured for i~~’s at the six experime ntal fre- [~ H 1— thymidin e and [3H J - u ni din e suggested tha t the
quencies . Interpolated compositions were then increased b )as t ic transformation was associated with
measured and modified , if nec”ssary, for desired a’~ enhancement of RNA synthesi s , probably due to
per m ittivitie s . To simulate man at s t i l l  higher changes in chromat,n structure. There was no cvi -
fr equencies , composi tions are being develo ped for dence of radiation- i elated DNA repair. Cytogenic
average electrica l prop erties to the depth of pene- anal ys i s  of the i rrac ia ted samp les showed no si gni fl -
trat ion f~i~ ind i vidua l pants of the body. Also , can t chrotnosoma l aberration w i t h i n  these power densi-
dos i ”uc t ric measurements w i l l  be compared for connect , ties , (No refs.)
and i ncorrect phantom materials. (No nefs.)

499 0 TEMPERATURE DEPENDENCE OF M ’’ROWAVE AVOID-
ELEC T~~ MAGNE TlC ENERGY EXPOSURE EFFECTS A14CE (MEETING ABSTRACT) . (Eng.) Monahan .
O N MOTOR C O O R D I N A T I O N  OR BALANCE ( M E E T I N G  J. C.; Ho , H ,  S .  in: /‘n- ’n- - .u ’e-!’n-

’n: ’:n-n o ,” ‘b 2976 An—
ABS TRACT) . ( En g , )  Fr , .y,  A .  H . ;  Gendelma n , S. n-~

’un - : - - ,n-t ? (1n-’O ’ u7 of the [ n - t , ’r ’n -j z ’~ - - -: it n - i f Ran-tn -’-~
- ‘‘~~ n- o 

- ‘ ‘ . 22 ? t ’  n
’
.’’ ’  n - z ’ ‘i. - 

- , -~~‘ n - ; - , ‘ , n - e p  ‘‘- ‘ n - ’.’ n-’. ‘ I at t i n - n - ’ ‘‘—‘H’- en-n ” ‘n- ~f 
In - n - zn - ’.’ z~ b’mzn. ’ ’’o’,

- :‘ -~~‘~~~~‘- ‘ tn -~’ ” , - ’ :  ‘- 1 1 e I  - :  n- b. ‘~~ - - ‘ - ‘  ~~- -in - n- ’r e ~ , ,‘tc’ ’c-zoh,nu n - c n - t s, l?—:- -~~~~~’ n-t.-z’ , In-n- n-C , USNC/
at~” -. - , “ ‘ - - - - - n - ”o, ’- ‘ ‘ , ‘ , n -” ’ p.’’ , ‘ ! n - n -’n--zph~,c, t n - n -’ , j, -’IS URS I. (Washi ngton , D .C.): 4—5; 1976 .

- - “, ‘
‘ s-’. US~~C/U RS I - (Washington , D .C.): 19;

l’~?(- . The effec t of ambient temperature on avoidance be-
havior induced by 2 ,450 MHz continuous wave radia-

Tin ’, effec t of pulse -modulated electromagnetic (EM) tion was Investi gated In CFI male mice (30—34 g) ,
energy nt, “~~t - n r coordination or balanc e was evalu- The animals  were i r r ad ia ted  in an env i ronmenta l l y
ated in Spraque- Daw ley ra t s .  A hor i zonta l  rod was contro l led waveguide assembl y at temperatures of
set to notate at an increasing rate of speed u n t i l  20 , 24 , 30 or 35 ’C and a relative humidity of 50
a predetermined speed was reached , The sub jects l. 5~ . Incident power levels ranged from 0.04 W to
were d i v i ded  into two groups : sham exposed and EM 4 51 r e s u l t i n g  in average absorbe d dose ra tes  of 0.06
energy exposed . The EM energy exposed o c c u r r e d  dun- to 55 mW/g. In those groups that exhibited avoidance
ing their time on the rotating rod , In a seri es of behavior , the percentage of absorption decreased af-
e x p e r i m e n t s , di f fe ren t  EM energy parameters  were te n the i n i t i a l  5 mm and rema i ned l ower for the
used , The anima ls wer expos.,d individu a l l y on the duration of the exposure. The threshold Incident
rota t ing rod u n t i l  they fell cuff the apparatus . The power level  at which avoidance behavior was observed
‘ m e  scones iu~ the animals on t h e  rod were recorded decreased with an increase in the env i ronmenta l  t em-
tn r e-..utua tion. The results of thi s eva l uation are perature . The data suggest that the subjects were
fbI n u s - m , ’ n t l1 avai lable .  (No r c f c . )  capable of d e t e c t i n g  average absorbed dose ra tes  of

as fl tt l e as 0.5 mWfg. Furthermore, this level of
i r rad ia t ion , while produc i ng no core temperature
increase , was a v e r s i v e  and caused the an imal to

-“ -“  LYMPHOCYTE TRANSFORMATION INDUCED BY MICRO- a c t i  e l y avo id  the microwave r a d i a t i o n  when the en-
WAVE RADIATION (MEETING ABSTRACT) . (Eng .) vinonmental temperature was 35°C. (No refs.)

‘1 i , ’ n -’n . A ,  T ,; t o n ? . ’ , N E ’  ; Elder , J. A. 2’.z: i’~t—
S ‘ut - ‘f’ • n-, - - - - n- ’ - -  i . -n-. - n - - ’.:: of ‘ - - , ‘ - n -  p- n -—

‘2  ~n - - i l  ‘s-u ’ - ‘ , ‘‘ ‘tz,,i/n- [‘ ‘ ‘ , ‘, s -  11. 1,1 ~~t ‘he - - - ‘, r n - n - -, 

itt n - ’ : , n - - n -.. ott ’ , ‘ n - n - ,’ , - , , - - ‘ - - , il-It 4 9 9 ?  EFFECTS OF PULSED MICROWAVES ON THE HEMATO-
“ n- ’I ‘ “ . 0 ” . US N C /URS I - ~W,i’,h o , 1 t r , , l , D . C . ) :  2 1 ;  P O I E T I C  SYSTEM OF MICE (MEETING ABSTRACT)

1976, (fnq,) Ragan . H . A, ; P h i l l i p s , R.  D . l’s: Prcr’eed—
• -‘nra - ‘ n - . - :, m~ e’ n - ’ n - t - ,~ I ~ . ‘ [ . n -  ,n-’ t hs -’ [ n - t e r , - i af  2, -na ? —

Tin. - .’ f .- t s o f  m ic rowav e  mad i at ion at power densities ‘ t n - n -’ - ‘ . n - n ,” Is- i l  n- n -
- - 

‘[n- -s -i, ’, - Held ~n- ‘he 1Mi~.’ rn-z [ t n - n - n- ’~
’

below 10 ‘-W i “ were exam un - i  in blood l ymphocytes n-n- , , ,n ; . b - ~in, 
~n - u n , - l” - n - ,,-r ’.-’t , ~t :n-n -n zo uzn - u n- n,’ ’ t n - z , 11— It ‘- ‘ n - - d r .

~1 n- c r - n - --- Chinese hamsters, Animals were irradiated f - n  JJ? n ,  USNC/URSI. (Washington , D.C .): 22; 1976 .
15 m n - n  on 5 ‘ri ’,,’.- i m t i v e  da y s a t 2 ,450 #lz (continuous
wave) with power ilen,’, it  i,” f r ’ - -  5 to 30 rn,W/uo’n ’ and To invest n- gate the effects of pulsed microwaves on
at 9,000 MHz (pu l’,,’) with d ensity ID s-lw/n -ni - An - - - the hematopoictic system , female mice were exposed
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approximatel y 8 hr dail y f u n ’ 10 days to 2,88 GHz par isons support ths- - conclusion that performance on
pulsed m ic rowaves ( 2 . 3  nisec pulses a t  IOO/sec) In an n- h.-  d i s c r i m i n a t i o n  task requ i res adeguate aud i t o r y
anechoic chamber at an average power de n sit ’, of 5 st imulation , whether from acoustic or microwave
mW/cnn-’ , Female Ii ttenmate 5 were sham-.’u.posed and ori gins . F i n a l l y ,  cochlear m icrophonic recordings
served as controls , All mice were k i lied 92 hr ,,fter from pul sed microwave irradiated rats , i n addition
the lis t  exposure. Mo s t a t i s t i c a l l y s i gni f i can t  e f -  to behaviora l  and phys iolog ic thresho ld comparisons
fec ts were observed on red cell parameters , total In - ‘  ‘mic m nw ave avoidance ” task , are discussed .
wh i t e  ce ll counts , or the leukocyte d i f f e r e n t i a l  (No r e ft , )
counts. P la te let counts were lower (ps -O .05) in ex
nosed mi ce. T h i s  was compatible with the relative
p a u c i t y  of megak u nyocy tes  in bo ric marrow and sp leen.
Cel l u l a r it ’ . of  fe rxnra! bone - ‘arrow was hi gh e r  4 993 MIC ROWAVE EFFECTS ON THE BLOOD-BRAIN BAR—
(p0.00t) in the expos ’d group . Cytolog ic  .‘x ami na- RIE R OF HAMSTERS (MEETING ABSTRACT) . (Eng.)
tion nevea l ,’,l a decrease i n meqakanyocytes , but a Albert , E . N.; Grau , L - Kerns , J. I n:  Pro ceedings
s l i ght increase in the r ’n ye lo id -erythr oid m i t  io n - n t “f ‘ ‘n -’ 1976 -n - rn - nu n - i l  M~. n- n- ’n - n - , o n-’ n- h--’ Tntei ’nationa l Union
exposed mice. M.,re nonheme i ron was present in the of ,n-,~~n-J n-n- , [‘~ [u ’s -n-”n- ii, - at n- he -‘is-n-- [ n - t s-’rc,2n-:n - o n-’ ‘kt:’n - i tn - n hu-
mar row n - c n n ’ -  exposed mice , sugges t ing a n i rnt. ’rfe rencn’ n- ” ’ ’ n-’n- , ,l ’-:h” -r : n - n - ’ , n-”laaaac’h n-un -j, ’ ’ n - n -, 1 7— it i- ’n -n - I- .n -r, J97~’,

wi th n -m o - n -‘n t,sboli~ m. Spl~~nIc er yth ropoie t ic and USMC/URS I . (Washington , D.C .): 18; 1976 .
let~kooun i et ic ac tivity were greater , and ‘nner, akaryo-
cy t iu n - n i n i e s i s  was less in expc ted than control mice, To inves t iga te the effects of microwave ir radia t ion
M c rowave u-n . ‘u n - ’ure did not influence serum protein on the blood-brain barrier , Chi nese hamsters were

concentrations or the protein electnophoret ic pat- exposed to continuou s wave microwave energy at 2 ,450

n - n -rn, ’- . Serum trigl yceride levels were hiqh .’r (p 0.05) MHz for 1-2 hr at 10 , 50, and 70 mW/cm2 power de n s i-
in ti le microwave exposed group. A future experiment ties , The exposed and sham-irradiated animals were

w i l l  compare hernuatoloqic changes o b s e r v ed in t hese anes thetized and injected with various electron dense

mice- w i t h  changes in a group exposed to continuous tracers , fixed by perfusion , and pre pared for gross ,

wave m ic rowaves ,  (N o re fs ,) l i ght , and e l e c t r o n  microscop ic examina t i on .  A posi-
tive reaction was present in the pinea l body, pitu-
it ary g land , supraoptic crest , and choroid p lex us
at the gross and lig ht microscopic levels in sham-

‘ n- ‘2 MICROWAVE CONTROL OF BEHAVI OR: AN AUDITORY ir radiated animals exposed to 50 and 70 mW/cm’ . How - —

PHENOMENON (ME ET IN 1 ABSTRACT) . (Eng.) ever , b rai ns of i r r a d i a ted a n ima ls  d i s p layed a pos i-
John son , P . B,; Lovel y , R . H .; Guy, A. 51.; Gal ainbos , tive reaction in the cerebral and cerebe llar cortices ,

~~~.. ~~~~ 

Pme.- . ’ l ’ ’n- n- ia ,‘ the’ ‘0- ” .lr’n n -i.’ ‘ n -  - tt’,n- 0,’ med u l l a , t halamus , and  h ypothalamus , as w e l l  as the
-“n- n- 

‘
~~~~~~n’. ,“ Rain - ” - n - ’ .~~’ ‘~ n- ’ .~ it n - a -  above mentioned areas. Brains of exposed animals

~- f ’ ,-”,n- :’ , - “ tt,~~.~ n-n -~~~ ’n - ,, ’ , ‘ -‘.e , .-;“b. rt ’t , ‘./n-;,’o~~ ‘b,.-,, -n -  
~~~~ had lesio ns that varied in locat ion and intensit y -

J;...j
~ 

(~~ t z ) ’, “, ,, ‘ “. USNC/t)PSl , Wn-u ’.hing ton , D.C.): Closer observations with the electron microscope
2 , l ’~ 7f- . showed the tracer -na te n ial present i n  the extra-

cellular space of the neu r opil. Furthermore , tracerS
T n  u luc ida~~ the behaviora l  eff, - i t  it microwaves , appeared to have crossed capillary walls via the
rat s trained to make a ti- cud re in fo rced  ‘ - ‘ - s i - - poke ’ ’  endothe l i a l  i n t e r ce l l u l a r  c l e f t s  and by “cr ease n -I
response while held in n-i ple x i g las re strainer were pinocy toti c activity. Preliminar y b serv ation s ‘-‘ri

irr adiated dur i ng alt em na t inq 5-m m pe r iod s v n - i t h  animals ex posed to 10 n-iWn-’c.n appear to be con s i s t e n t
918 Mhz pulsed m ic rowaves , 1m m ’ ,’ animals ‘-un’re wi th those in an i mals exposed to 50 and 70 r’nW/uo,’ -t r a ined  to respond only during i r radia t ion , ioU (No refs,)
t hree were t a m ed to respond dur ing non i r r a d i a t i o n ,
Si., additional animal s were s im i l a r l y tr ained w i t h
a l t ’ s - n a t  m g n u - r i o d t  of acoust ic  s t i m u l a t i o n . A l l
twel ve animals acquired the d i s crin ” i nat ion at con- 4994 PREDICTED FREQUENCY AND THRESHOLD OF
para ble rate- , , learni ng to i n h i b i t  respond i ng during MICROWAVE-INDUCED AUDITORY SENSATION (MEET~’i n n , u I n - ; n r o p n i , u l , .  stimu l us conditions. The results are INC ABSTRACT) . ([rig.) Lin , 1 . C . r’: .n-”i-’--n.s’,n- n - [ u n - n- ,’n-
d iscu ssed  in terms o f the mot iv ,, t ions I properti es n - f  of t n-u. :n- n -~ c .4 m m - n - s - n -7 n- , ,  n - n -’ ’:: n- n- ” ‘-he T’:tni’rnat2c’t,’H
pu !’,”ri riicnowave i r ra d i a t i o n  and i t s  e f fect on in- Unn-’- - n  - - r  ho,!:’n- n- ‘:.[,- n, n- .,- Hell , n- ’ n-he “:n -’:’,’,’n- n- [t~ s- n- ”

hit,  i t o ry  um ’ uc , ’ s se s  During cnun t I nun- ui t ma In ing , t h e  n-”
~~ ’n- ’,z, ’;’ t n - -  n - tn-n- , u n - s - n -: - n - ’ r t , ,n -’ :o sn- :,- ’ .’n - n - ,n - n -~’::,; , 11— 15 Oc ”t, -d ’u r ,

pn’ rfot”,rnce ..1 ,orv- animals  g radua l l y  d e t . ’ r i o r . n . t e d , ‘[1/n- , USNC/UR SI .  (Wash in g ton , D . C . ) :  3; 1976.
Audit ory-n -n - vnu ~~ed p tent l al ’, could not hi’ recorded
fm,, - t he’,” animals at  n - h . ’ ‘~n - l mulus int, ’n si ties em- A spherical model of the head was used to analyze
p loyed . Examina tion revealed pr - n f -’ i n - nd m i n f u i l e  ear microwave-induced aud i tory sensation . The problem
infec tions render i ng these anim als deaf . Howeve r , was formulated in terms of ther rnoelastic ity theory
n-hi-se anima ls - 1. ,’rn,nc trattn -d c r u n t i n n n - m , - d  .sb il ty I.. per- in which the absorbed microwave energy represents
fn u rn- when ‘xtr eme I- ~ inten se .ic-uu , ’.t i c s t irn - r ulat i on or the volume heat source , wh i ch depends on both space
visua l stimul a ti o n was prcuv u rt - ’d , Si. animals were and time. The i nhornoqeneous ther rrx ,clasti c motion
.s’i,i t i - I  to p e r - u rn--n the d i’, r i n - ’ n i n a t i o n  u s inn.p acoustic equation was solved for the acoustic wave parameters
st im u lation , as well as 918 MHz an -n- I 2 ,450 MHZ pul s,~ I under Itoth stress-free and constrained surface con-
microwaves on a variable interva l sche.1 s-.le of sl im- diti o n s using boundar y value techni que and Duhamel ’ s
ulu s prescnt,i n- ion. Cn - ,.nn n -n .r lso n ’, wer .’ obtained for theorem . Numeric results showed that the p red i c ted
e. ,s- h anima l between behaviora l and n - n - i n - t o n y - p o t e n t  ii fneçu e nc it ’s  of v i b r a t i o n  and threshold pressure
thresholds f . s -  each f - nr tn if s t i n ’ n u l a t io n . The corn’ - ampl i tude agr . -e we l l w i t h  exper imenta l  f ind ings

I
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.‘v n’r a wide range of inciden t microwave character- ble application of this effect as a therapy for
is tic s . It is concluded that the good agreement tinnitu s Is briefl y discussed . (No refs.)
demonstrates the v a l i d i t y  of the thermoela stic
stress-produc tion mechanism for microwave-induced
hearin g in man. (No refs.)

4 997 CHARACTERISTICS OF MICROWAVE- INDUCED COCH-
LEAR MICROPHON ICS (MEETING ABSTRACT) -

(Eng.) Chung-Kwang Chou; Guy, A . W . ; Galambos , R.
4995 M I CROWAVE HEARING:  THE RESPONSE OF S I NGLE In: Tn-n - ’ ‘n ’,’ u n - in -” n - mn - n - of the 1976 ,im ’nn-:4n - 7 )-kn-et~~n n - n - n - al’ the

AUDITORY NEURONS IN THE CAT TO PULSED In n-- .’i’nat,i,nt n - , n - - //nion - n-f Radio - ‘n-u ’nc-’,-~ Hn-n- I ~t the
M ICROWAV E RADIATION (MEETING ABSTRACT) . (Eng.) Unin-,erait’n- 9i’ t’!aaBac):un-n-ettit, Arn-h.~rp I , ‘fr:~ n- i - :’h onun- t ” :;,
Lebov i t z . R. M .; Seaman , R. I. , :.n- : irn-- ’n-- , ’i~ n ,n-: n n-’ 7 1— in - n - On -”n - .-n !-er , 2976. USNC/URS I . (Washington , D.C.):
‘un- ).,n- 7tn- A m : . - :,~~Z n-’,’ , n - fun - : “ th. - l’nt,’-rru,,n-r mn - , : - ‘~~f nu. n- 2;  1976 .
0 ~n-~-I.- ” :o : ’

~’’ ; ‘n- n-n -f ~~ a’ ‘he ‘ rn - n -. ‘ n - rn - n  ‘, ,-,~~ ‘ n - n - n - n - n - s - n - n -n- h- ,—
p ” ’n - • .4n’nh,n-r .’tt , n-lan -n-n-’ n- ’h:,nn- ,- ’ n - ’s, 77—15 ‘ n - - - :’, 1976. Coch lear microp honics (CM) of guinea p igs and ca t s
n - I S N C / I J R S I  - (Washington , D.C.): 1 ; 1976 . du r ing irradiation by 918 and 2 ,450 MHz pulsed micro-

waves were characterized , Both horn applicators and
‘n- n-’ response of sing le aud i tory neurons in the cat a cylindrical wavequide exposure system were used to
to pulsed microwave radiation (MWR) at 915 MHz was radiate the an ima l s .  As the body wei gh t of the
stud i ed . The response to a c o u s t i c  c l i c k  s t i m u l i  of guinea pi gs varied from 0.5 to 1 .0 kg, the frequency
prim ary aud i tory fiber s and of cell bodies i n brain of microwave- i nduced CM decreased from 50 to 42 kHz.
s tem coch lean nuclei were recorded v i a  Ma C i - f i l l e d  S i m i l a r l y ,  for ca t s wi th body w e i g h ts of 0.9 to 3
glass mi cropip ette s , The effect of pulsed MWR on kg, the frequency of m Icrowave-induced CM decreased
the neur onal d ischarge p rope r t i es  was then s i m i l a r l y  from 38 to 29 kHz. In a d d i t i o n , as th e body w e i g h t
de Iu’r rr i rned . Threshold effects were observed at ab- of the tes t  animals was increased , the number of
sorbe d energ ies of 5 ,n - J / q per p u l s e ;  the response cycles of CM o s c i l l a t i o n  var ied  from II to 7 c y c l e s
was independen t of the MWR pulse parameters and in- in guinea pi gs and 10 to 4 c y c l e s  i n ca t s . The
d ependent of the average imposed MWR power density characteristics of the microwave-induced CM depended
(l..’ ,s t h a n  I ‘nW/ cm ’ I . Of the more than 200 neurons on the size of the anima l head , i .e., the smaller
stud i ed , most demonstrated a response to  a c o u s t i c  the head , the h igher the frequency of CII , and the
cl icks similar to that of pulsed MWR s t i m u l i .  Units thicker the s kull , the less  t he o s c i l l a t io n of C M .
most sens i t i v e  to a c o u s t i c  f requencies below about For each anima l , th,~ same frequency and duration of
3 KHz were more l i k e l y  to be r e s po n s i v e  to microwave CM were Induced at both 918 and 2 ,450 MHz with either
pulses than were units with hig her best freque ncie s. horn applicator or the waveguide exposure system.
ti s concluded that the resul ts re i n,’ and ,“a n t i a l l y The measured parameters were also independent of
‘n-~.n -u n -’ o ”t the s iggestlon that microwave hear ing is electrical field orientation with respect to body
media n-ed by a thermoel astic absorption n nf  the :-‘icro- a s - i s .  The threshold s of evoked response (CM or 14 n-
wave pulse. (No nefs.) nerve response) were 10 mJ/k g maximum in adult n a n - s .

2 .5 nJ/kg in k i t t e n s , and 7.5 mJ/kg average in adult
guinea p igs.  The r e s u l t s  ind i ca te  that the micro-

4 -”~ LOW FREQUENCY H E A R I N G  AND S E E I N G  ( M E T T I N G  
wave aud i tory effect is mechanical in nature ,

ABSTRACT), (Eng.) A d r i i ’ n - , 0. J 7mm : 
o me S~~)

‘h. - 1976 A’:’: , - “n-i ~-‘ t t ’i;j n- n-’ n- i n- . ’ ‘‘n- ‘ ,

mn - n - ’ ’ n- - m n - :  ‘ “:ion ‘n,0 Run- ~~u ~ , ‘n-’n-’” -‘ Rd I in- n -h,- ‘“ in - e r—
‘f ea m ’ h ,rn,’ ’’ . ,  4— hera’ , n-4jn-’s:,. i n - n - . ’ n - ’ n-i , 12~~1t ..‘°8 AUD IOGE NIC SEIZURE SENSITIVITY OF MICE

(~ ‘ ‘ - - , 1,’ . , JSN C/UR SI  . 51 ’- - n - n - -~ n - n - n -, rn , D. C . ) :  I ; AFTER RI Pf n - n - I F - I i[ S TO 2 .88  Ghz PULSED
1976 . MICROWAVES (MI ET ING A tS TRi’n - I -  Eng .) Ph i l l i p s , R .

D. ; HJ e r s e r n , D, L.  ; Shel r l unn , R , 
~,, 

‘p, - n-’~’, ‘ ,‘&,‘mt ”,qa
Aud i tory  and v i sua l (phos,n - mn - .’ ’ n - n  s )  , - f  in  ‘ t s  un- .”enated ‘ ‘ h,. :~~I6 As - n -’,a,n-Z ~k ’i ‘ n- ’ ‘ n - n-, :‘:‘, on:- : t I n - n -’ ’  ‘n: i oYZ
by transcranial stimulation with low f r e q - n - ’-nc y elec- r’t’ j, adio :- ‘‘,‘e’,, ’. Hold n - n - t h e  ,: :net . n- n- . - “

t n ic current ’ were stud i ed to a n - f  the under stand i ng ~ n ‘n- ’, -n-”h,- r.’r ’, “mn-ne , ‘h..n- n .’t~~a, i1—2.5 .),nn-,-:,’n- ’ , Ji~”9.
of sensory n - n - r’ ’ u,esS”’, - F r e q u e n c y  n ’ s - ’ ’.pl,ir,su’ character- ,hn - - n- i ,,. .’ h’i gn - u i n - , D C.): 19; n-’47h -

i s t i cs for both elf’- , n - s were measured . The sensory
channel s wern ’  found to behave mu ch I ~e frequency h”nale SJL/J m s - i .e were n~~n - ’ 7  2 inn da li, to 2.88 CPu
s e le c t i v e  ‘ n l t . ’ , ” , but w i t h  a number n i important non- n - - n - ,l se d m i c n .w,i .-n ’S ( 2 . 3  se’. pulse w i d n - m n , 100 pu l se~ /
l i n n e a r i t i e s .  S,’vn’r.u i type s of st i -nu l us currents 5Cc) ~ fl an anec 1i -- ,c , 5am ’n-- ,- ’ at an average powe r den-
were uced Including sinewave , p eni ’n - nt l c bur ’- ts of Sit’, tO “nw cm to invest - .‘ute a..~ loqcn ic seizure
si newave , ,a rn ’I two s imul taneous si  newaves of di ffe’ r - .,ens - t vi t -, . Sensi t iv  i t  y ‘0 as-i d ’  iqen i C - - ‘n ut s-u i, I’.’

ing frequen’c - . H a b i t - a ’  ion to both the phosphene sei zures was det ermined a’ I and 2 ,n.~ after dail s
and audi tony ‘,‘:‘n- .at ion were noted . The minimum cur— e ’n - -- sur.’- - (5 days/wk) b~ ‘.. t -j es - I ing the an i mals to
rent threshoi-i for the phosphu’nie in n- I  aud i tory effect white noise (11 0- 114 dB) arid —‘easur~ ng the at , ” n s - n r’~
occurre i at 20-25 H, and 60-90 Hz , respectively. to running f i t s and full tonic-clonic seizures All
Thi. e f ’ ects were also generated iuy n - f i n :  app lication mice were ‘,rirnned at 21 days of age by -,n-j t ’ n i’ u t Fig n -h,’’-

u~ two simultan eou s sinewa,e’p -,~,‘ l I  above the c n n - t i n - f t  t i -n- l lO - l , is dB of e ,h n -te noise m u m  60 sec . The mice
in ’, in - s-uen ..v n-u ”,’n the diffe rence ‘requency was near t i n . ’ were t hen ç- n e tn- ~~ted i t 28 days - I age t” S , n - i~~ ,’

m i n i m u m  ‘hreslsold frequency. A decrease In sensory lure s e n siti v it s t n - n ’  d l s t n i hu , t iQfl i i i  an i m als ‘nto
‘‘noi a.’’’ was noted I - nI lowing some experiments. P’,s5 I — - u n n t r ol .~r -ui ceper men tal gr im -i’-. on the ‘as- i s  n- n- ’
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.- uiu v a lent e.a and varierrc ies In seizure laten- die lettrL model is esse ntial for accurate theoreti c
c- -c. Tn -u .’ i at e ” c ’n - to a full t u n i c - c l o n i c  ceizure rneidel ing. (No , n ’ t ’ n - . )
was s iqn ifi can n - } s - increased (p 0.05) lii expo 5ed mice
i n ” n - n .um, ’ n- l ., tb s - u ’ n t m n l s  after I wi. ui exposure. The
an imals were rel,’st.’d af t - n - an additional w,’,’k n , f

exposure and t reated mice - - “ n t  i”u n - .’ul to have longer 5001 EFFECTS OF LOW POWER DENSITY MICROWAVES ON
ice than u u u n n t r , n t s  n~~ n- n- - I l ) ,  ta tenc ies  to MACROMO LECIJIAR CONSTITUENTS OF THE BRAIN

rs-,r- ’n-inQ ‘ n - c were - n t  .‘~~ ‘ - n- n --v nni crowave exposure OF RATS (MEETING ABSTRACT) . (Eng.) Catnavas , G . N . ;
f i r  I or 2 -‘ . A parallel invest -n - u t  ion using con- Takenaga , J . ; Ka t z , J. B .; Abbott , J .  ~~, - ‘ n - .’ Pr-n--

i ru uous - u n - ,  microwaves is inn urr’ n ,m,’s s - (N. nefs ) ‘n - ” ’ “n- 0u78 - u” ‘b. ~ n- lu ’ 4’ n -mn -: - n -  - ‘‘- , ‘ ‘ ‘ : ~~~
‘ t;n-~ In ter-

,- - ,‘ ‘ In- - u n - n -  ‘u: “ ‘ ‘:  of R n - n -  h. ,
~ ‘‘ - ‘n-n- ~ 

n- - ‘ 
“ 2 ‘; n- “n- I ‘,pr —

mn- ” ’~ n-n- n-’ ‘ In-n- , ’ , : : ‘ n - i n - ’ - ‘ - - , . - , ‘u n- - ,-~ n- on -n -, .” - n - ,’ , 11—15
‘ , n-O USNC/URS I . (Washinqt on , D C ) : 18;

DAVLO ’,l- ’- ’, ‘,n - I T t  ‘in - ’.. OF M I C R O W A V E -  1976 .
INOUC1D ”’ ~ n - n ’ n - i n - M n -A / M I E T I t , r, :n- In- ’- I n - u A c r ) .

(t’ng . ) B. n - - ar- n- , P . I , ; n - n - t ,’,.,’n-n , 0. R. In: - ,‘. ., - n- Experiments were conducted to determine the bio-
L’Lfl’ - “  n - n, Anm n- ., ’ ‘-‘e’.- i r 1 , ‘ n-he “: n - .  n-” , n - ’ mn -’ zf chemical chanqes that occur in discrete regions of
,‘:n-’on o f ’  n-~ f . . si .. in -, ’ -~~~ n- he ‘:“ rn-’ ‘ I , of t he brai n ‘uI rats exposed to low power density micro -
-“ - oma n- ’ - ,. ‘ n - ’ . , i’ m ,  •-

, 
‘-~:,;e 

- 
‘ n - n -n-’ - wave radiat ion . Groups of rats were exposed to con-

• ‘f . n- ,S- ’. / U n - ,. ‘...,.‘- n-u q ton , D .C.)- L~, 1976. t i nuous wave microwaves of 2 ,450 MHz frequency and
5 n~W /cn -’,

2 , 8 hr per day for 3 wk. Ourin ct exposure ,
Ra n - ’, ,.,re subje i, t ,:,’ n - ., a t r .u,,s- -c -’ n - n d i t i ’ ” n i n g  - n - i n n - s -- du n - r u :  the animals n--uer n’ confined to styrofoam cages; the
in -- s- - in ,‘ -,jd n - t ’ - n ,  s i gnal (conditional ct imulu s inner walls of which were coated with quinine to
t C S l )  e rs --n- eded n-’ . - 30 sec and then uv.’r I i , , - i prevent the rats from chewing through the walls of
,‘n - n ” n - , -  r ,ju’r ‘ -n- (.. ‘, ,- - 

n- ‘.rn ,w,u v s -. radiation at the cages. The microwave-induced changes in the
2 , -.~ ,’n- “ n- i  iii a inult . n- ca’~i t 1 .  s- ’- . ,.~~i an - ion PGE — sti m u l ated brain adenyl cyclase and serotoner-( - 
served as n- mr.- ~ncOnd i t n -  “n -a l ~ t i - ’n-~~Iu~ (US) -n - m i was g ic systems were investigated in this  s e r i e s  of ex-

I ’ - s uV ,  i~~ n t l y r’, r e r c e  -r duce a ‘i’t m l ..- in pen iments. Preliminary resu lts indicated an in-

co l uni un - t e’vuper atun -r,’, Repeated pa.r niqs of CS and US creased sensitivity of brain adeny l c yc l a s e  to PGE 1.
recu l n-ed in s”naII inc ’~’—.”its (n - O.2 ’ C ,  o~ colonuic Marginal increases in the acti v i t y  of tryptop han

— zemperatirn ’, .qtsetPter m s - s e  incr - ’- ’i.’nn ’- s ,ir , ’ tru e con- hydroxyla se and l evels of serotOrrin i n  the hypot fu .-’

n- n - i t i o n ual r,’spcuns., u n ’  -u r , ,, - a n n - i f - u s - n -  of sn ’m isit la— lamic — tha l annic reg ion were also observed . (No reft .)
ion or n-”,~’ui1 . ‘con d it ioning w i l l  non- be known until

~n - u nnn n-n - t n.. i~~n ‘ n-, - u ’ -u tro i ex periments. Preliminary dan -a
- r” earl i u - r  u n - t i -- . I .‘a ’ ‘ions t n - a ’ n - ’ u i c r u ,v ,v e  radia-

n- ion can s - h - n - i t  a rise of /un uu i .’ ,”n,n-’era t.ure of mmndoq- 5002 THERMAL AND N E U R O E N D O C R I N E  EFFECTS OF LONG
es-ui,- ,.’, ri q i n ,reS u” ,ul ul , thrn , - , 1 h i s - n - i v a n - i o n  ‘n- sym- TERM , LOW LEVEL MICROWAVE (2450 MHz , CW ) —

,~~~n - b , - t i , n - - a ’”,,.an-s vi a ‘- ‘,‘m’ -.n - u m - n- s t i m u l a t i o n - ; , (No I R R A D I A T I O N  ( M E E T I N G  ABSTRACT) . (Eng,) Lu , S. T . ;
Lebda , N . ;  Mic ha m iso n , S.  M , ;  P e n - t i n -, S .; Rive ra , 0.
u n - : Pr- - .,- - n- n- ’- - - of - in ’ - 7n - n - ”:’ n-~~n - u :n-, : - ‘,‘s-’e t  I~: n - - ‘ “ n- h.’
‘n - ’  ,-~ f ~

- : - n :fn-r o ” Pan -n-
’ :

’ - n -jell n - n - n -  n- in - ,-
— n n -~~ ’u ’~’n- n - n -  n - . n n -e ,n-fi (( ’3n-n - ,’,n- n-4/I i ’ n -  n -n-n -  , n - l ” u ’- ‘‘ . ‘‘ , n-n-’ :n- . ‘

5000 n - M i -n - S n -  i~~I. OF T~-’€ AVERAGE SPECIFIC ABSORBED l n - - . ‘ : - - - : . n - ’ , :.n-:’,’. USNC/URS I . (Washington , D.C.):
- “ 51f R n- lu  THE ELLIPSOIDA L CONDUCTOR AND DI- 90-91 ; 1976 .

ELI ! - ‘ IC  “n-n- n - i t S  oc HUMANS AND MONKEYS AT R A D I O  FRE-
n - ’ ,f lun - in -- (n-Il tI!mi ( Ilf’TS,A I T n -  - (Eng.) Massoud i , H .; To determir in’ the therma l and neunoeu-rdocni ne ef fec t s

• C. “ , Johnson . C.  C .  P.: - - ‘ , : 
-

- , ‘ - “ n-if l ong - te rm  low level microwave irradiation , Long-
‘.t. J 9 n -’ ‘ ,,~~ n-a- - , ‘ - s - n - n -  “ ‘hat n- ’: “- ‘ ‘ 

- 
‘ , ‘ ‘ ‘s-n-

’ Evans rats were irradiated with 2 ,450 MHz microwave
s-n-~~7 ~~~.

‘. n-h l !  n- i ~~‘ ‘‘r ” .’, i n - n - n - n - ,  ‘n n-’ ’n - : , ’n-’-: - ’ b n ,— (n- . i u n t i r n ijous u-~~v en - ,ut 1 , 5, 10 and 2 0 mW/cm 2 fo r I ,
ee’ t , -;“-‘:.v ’.’ , ‘4n-~Øaq- ’n- , ’ ..’. ’ ’ ,’, i i - .’ n- Of”- I - n , ? ”~~. 2, 4 and 8 hr. The anima ls had been acclimated to

- ‘i’m / ‘ S i  - - ‘ - ‘ ‘ n - u t - u n , D . C . ) :  39; 1976 . the laboratory environment and procedures for 2 wk
- u m n ul preconditioned three times to  the equ ilibration

l i n e r~~~u l t ’ , u t n- n ”  p e n n - u n - m n - a t  n - - n , - , n - t n , ’ , r ,  app l ied to a and exposure procedures. Before exposure , a 3-h r
lossy diel . n - n - n  i n -  e l l psoidal model - n r ’ - described , equilibration period was uti l ized for control and
T I-n e n~ ”r a ’n - s - - spe cl in - u n - - u l cinrh .’J power in dielectric irradiated rats. Post-irradiation , rec tal tempera—
ell i p soidal models u i  man ar’ s-i rhu” u’ - -‘ s - nu n i - n ’v were ture var ied with incident power dens ities and dura-

“ali ,un - ,t - ’ - n - and compared w i t h  ths-ice of t i. ’ coriductor t ion of expos ure. None of the average group rec ta l
( ‘ model ; f’,r n- he s i x  tn - ,,nn u l,-m r - l  p olariz a ti on- u . The temperatures exceeded that ni c i rc a d i a n  r h y th m i c i t y

-n- ,eraqe s p e c i f i c  - ibso rhed powe r i n  the two rm)dels of thin- sham irrad i .uted except the groups that were
was i - - , ’ to be the - i- i’- , i~ the conduction current exposed to 20 m W/cnn-’ for 4 to  8 hr. Again , a con-
in n ’ u .’ body ..n’ . rnn ,uh larger than n- h.’ nli spl a cc rnuent s i s t .’n u t e leva t ion  in individua l rec ta l  temperature

1n - - r  low n - . ul ujes - n - i cond uct i v i t y ,  n- h,’ equations are u’XpO%ure could only be found in ra ts  exposed to  20
~~ cur rent .  A l th ,u ,n - ,t i Ph .’ cni nnlu,, ton nne)del IS inaccurate exceeding the confident l i m i t s  for each durat ion of

s i ” n - I . - r  than rh. ones i’ m the dielectric model , and mW/cm’ for 4 to 8 hr . Weight loss did not exceed
the ,‘ - - - n - ! n - n - c t - u r  - ‘.odel i s ,  t f n - s -’ r ,’ f , u r , ’ , advantageous when the fiducial l i m i t s  of sham exposures, al t hough i t
In - Is val i d. Since i t  was found necessary i - n  use t,’nul”uI t in vary ir uus- , group to group. The adrenal
t sswe - i n - n - n - i n -  r i v i t y  value s below t n - n - - -  mange n - n i  vaHd and thyrolu l  q land weight  va r i ed  between groups w i t h —
i n - ,  of in. con du ctor “ri-fri . it is conc luded that n-h,’ out a consi - , t- ’ , n t change in r a t s  exposed to d i f f e ren t
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n- I un - u n- ,u q n - n - u/ / u ns-, - ‘ Nou.unni,ung f/ectro,n.agu’uen-.m’
CURRtN T L IT E RATUR E /n - , n - n ,.,t n- n,,, j ‘n- j une i~ ,’i

inciden t power densities and dur a ti i un ; p i t u i t a r y  operant behavi or during dail y Sess i’,ns urn -m ediatel y
we i ght d i d  not vary  si g n i f i c a n t l y, Serum thyroxine follow i ng exposure to 2 ,450 MFIz m icrowave im nadi ar ion
was f n - u r ” i  to be transien t l y eleva ted u t 1 mW/cm 2 for were obser ved . The ra t s  were t e s t e d  a f t e r  s ing le I
5 hr. Consis tent and s i q n i f i u , in t depression of serum or 15 hr exposures to 2 ,450 MHz continuous wave in-
t l n y roxine was observed in nan - s exposed to 20 mW/cm2 radiation at inciden t power levels of 0.5, I , 5, 10 ,
fin n I. to 8 hr . Ser um c,umt icos ter one levels did not 15 and 20 mW/cm2 , Ex posures to 15 and 20 mW/cm ’ in- ur
vary si gni fican tly fru i m control. It is conc l uded IS hr suppressed the rate of bar press alternations , Ithat 20 mW/cm incident power density (absorption but exposures t o  the sanue levels of microwaves i-n -n
rate approximatel y 5 W/kg) exceeded the thenmnu one gu- only I hr did not suppress the behavior. Aft - n m cx-
Ia tn ’ r -n - capacity of rats, The changes in the thyroid posune to 20 mW/cm 2 , ra t s d is p la yed a m ini mum of n-.0~
f u n c t i r u , n  were a result of thermore gulation. (No decrease In rate of task performance , an d 3O~ ~ the f -‘ef~~.) rats d ia not perform at all  on thi s tn-u s~ - The re-

sul ts indicate that microwav e power densities just
above the allowable occupation a l exposure len - , t s can
adversel y alter animal behavi or . In addition , - s - n - u ;-

EXPERI MENTAL HEATING PATTERNS IN 81-LA yERED sure duration even in an environmen t where tempera-
BIOLOGICAL TISSUE CIRCULAR APERTURE SOURCES tune and humidity are well con trolled , is an i mpon ’

(i-m t tT 1110 ABSTRACT) . (Eng.) Wallace , J. E .; Guy . A. tant variable in determinin g m icrowave hazards ,
W. I’:: ‘~ ‘- ‘c, n-~~~n - .  ‘ o ” n-’hi- 1.n- ‘i’ - ‘ ‘n - n - - n - i  -n-k’u’ n - - n -n-nj of ’ the (No refs.)
“n - n - s --p’ n - n - f , m n -- n - ,  ‘ , ‘ ‘n- -,u~~

’ n -n -In -’ ’ ‘ ‘ ‘,‘n- ‘ - n-i. n-’ - I i s -  ~h’n-
n- ’s- r. ‘n - n - . ,’- “ n- n -n - n - u’,’ n-~’’ n - n - . ‘ ‘ - - , ‘ -. ‘ , - n-’ , : s-

, ‘. ‘ n - . :.n- - n-n- ’ l ’ n-n- , n- ’u i n - n - ,
In- - ’ ;- Pn-”, j” ”, , ’.’”. USNC / URS I  - (Wash in g ton , D . C . ) :
4 1 ;  1976 . 5005 THE EF FECT OF MICROWAVE (2450 MHz) ON THE

RESPON SE OF M IC”  TO T LV MPHO I D CELL DEPEN-
Three c i n c u la n l ’ n -  c y l i nd r ica l  s - mavegui de aper tures , DENT AND T LYMPHOID CELL INDEP ENDENT AN TI GENS : PRE-
te- .’n’ loped to bejt bio log ic n - i s s u e s , were eva lua ted,  LIM INARY RESULTS (MEETING A8ST RA CT ) . ( En~~,) W ik t o r -

ich ,ip p l i s - a t u i r  was dielect n ica l l y loaded to maintain Jed rze j czak , W. ; Ahmed . A. n- Cz r r s k  , P . ;  Leach , W ,
a strua l I .s n.’r tune -h un’s- n-en and sn - i l l  permit propaga— 11. Sd I , K .  W .  T un - : j ’r,’n- n- ’, . - h u n - n- ,’ - “  ‘ n - n - C ’ .‘ ‘

t ion ~f the Tn- 1 mode at 918 MHz. The app licator ~.‘~‘ ‘ ‘ n - ’n - n- : - n- ,’ t hs- n - u n -  n-”- j ’ T  ‘ n- ‘‘ n-n- n-:~~’. ‘ ,“ -n-’n- n - n - ’ o ,“ u-
~n - n --~”LCe

diameters acre 8.9 cnn (‘ r — 6,0), 11 .1 cm (r — 4.0), del-I at n -b ,- ‘ -~: f : n- , z-s I n -  . n -’n - ’ n - tn - .’ - - . -
~~~~~~ .- , ~;-‘~;n-~~n - n - n - t,

and 11 .1 cm (ringed dielectric confi guna tionc . Test- S,n-n-n-~;!n-n - n - n - fT!-~n- , i n - - n - n -n- , ;,‘n- ’n-’ , US NC/l i RSl .
ing u’u~ n- h,- applicators -- a ’ - n - n - ’ ” t - r”u e ui on a planar b i -  (Wash ing ton , D . C . ) :  2 0 — 2 1 ;  1976.
layere d l’ -u t and muscle) phantom model tha t s i m u l a t e s
‘n- n-n-n’m,inm tissue , The hn ’at in g patterns Induced in the The effec t of microwaves on the response to I lymph-
tissue w , - r e  ‘nm n - n-- , n - ”u i using an es tab l ished thermo - oid ce l l  dependent and T l ympho id c e l l  independent
g r a p h ic t , - s- -h n i u n - , j , ’ , T h i s  tn’ n - n - hni que uses a h i gh power ant igens was s tud ied in CBA/J adu l t  male  mice .
n-nrftrowave s ’n ur c i (500 w n -  t n - u  heat the t i s s u e  for a Groups of m ice  were i n j e c t e d  on day “0” w i t h  0.5 ml
short per iod  n - n- f  t ime (10 r n - 2t~ sec) . The des i red  of s a l i n e , or 0 .2  ml of T l ymphoid c e l l  dependent
t i s s u e  sur face is then ss- .iu”nenI w i t h  an i n f ra red  sen — a n t i gen ( i . e . , requ i r ing  the coopera t ion  of T c e l l s
sit iv e nn- .i- ’.’ r u .  The s i g n i f i c a n t  parameters that were for the product ion of arut i body)- s hee p red blood c e l l s
measured inc luded the r a t i o  of peak heat ing in the fat  (SRBC) or 100 ~g o f s y n t h e t i c  ‘m ce l l independen t
to peak heat ing in the muscle , the peak specific absorp- anti gen (i .e., B c e l l s  produce ant i hody w i t h o u t
n - ion s-ate in both ‘as- ~‘~‘ n u n - s n - h e  tIssue , the uniformity cooperation of T ce lls )- DNP- l y s ine - Fico l l , On d.i -s

of h e a t i ng  at a ‘n- yen depth in to  the t i s s u e , and the 1 , 2 , and 3 the experimental groups consisting of
depth -if 1un ’rne tr i t m m  of energy into n-he “m uscl e t i s -  four a n i m a l s  each were exposed to 2 ,45 0 MHz micro-
sue. Each applicator was ‘-o u’u n-n-ared to a 13 x 13 cnn- w a v e s .  Sham-exp osed mice served as cont ro ls  Ex-
square b i f unratm ’ i aper tu re , whiu n - ” is i- ’ i m m s - n n t ! y u s ed posures were performe d in ,un env ironmentally con-
c l i n i c a l l y f u r  iii ati ’uer” .n- I nn -n- n - p - s e ’ . - T i-n i s  app l i can-or t ro l  l~~d wavegu ide fac i t  I tv w i t h  a forward power of

a l s o  openares a’ q18 M Hz ,  (Ni ’ r .-fs .) 0.6 W to the average , i/ n -’,n ’ r f- u - ,l dose r a t e  about 1 2

- n - mW/q body wei ght for each exposure . On da~ n-u . m ice
wet  - sacrif ics -’,i , and t h e i r  sp lee n cells were assayed
fun - n antibod y. Cells from SRPC i mm unized animals

5004 tF t r c T s  OF SINGLE EXPOSURES TO 2450 MHz w er e  assayed us ing  SRBC as i’- n-- h ica t,,r c e l l s , while
MICROWA VE IRRADIATION ON RAT BEHAVIOR c e l l s  from DNP-l~~s -F i co l l  immunized n ice were

( MEETING ABSTRAC T ) .  ( - ‘ u n . )  Gage , II, I . To :  Pro— plagued aga ins t  SRBC coated w i t h  appropriate anti-
‘ .: - n - n - - n - - ‘j~~n- i’ n-he :‘t ’ - r ’ n - - n - -  genic d e t e m m i n a n t — t n i n i rrobenzene s u l f o n n c  a c i d ,

t n ’~~~~:~~~~~~~~
..ni of’ ~- n -- in -’o ‘ ‘-‘n-”- ’- H e l - ’ n- ’ n-be ‘ ‘n - ‘ ‘ u - u n - n - -’ : -  Cells from sa l i ne  i n ( e c t e d  an i m a l s  were assayed

i:, n- , m n - _ ,,_
. i ’’, -I”,’ n-’ ’ ’ , fin - - m n -n- n - n - n -” n-n- u ‘ u’ , 11—16 agai nst these indicators. W h i l e  the number of  inn -

‘1” ’- , , ’ n-~”. US NC/URS I .  (w a s f n - i n q t o n . D . C . ) :  90; munog lob in an t ibody  ‘ u n - n - m e t i n g  c e l l s  inc reased in
n o n i - ’rmun uni zun - uf (saflr’i’) mlcrown -nve-euu poced mice as com-
pared w i t h  noniur,nunized sham an ima ls , the a b i l i t y  to

The (P. t s of sing le u’n ~ u n - u’. n - ’ .’s to microwave nad i a - form specific antibody against both 1-dependent and
t ion on rat b eh avn - nr were stud i ed . Eight male T-indepe rmdent antigen decreased in microwave-exposed
Spragu e’Dawley albino ran - s (Charles Riv er CD) were animals. The difference was , however , s t a t i s t i c a l l y
t r a i n - e l ‘ - alternatel y press each of two barS In an significant onl y in the case of theim response to
operant condit ioning t , u’ ,~ f.r food pe ll e t reinforce- the 1-independent antigen. The results suggest that
men-n t - After tin .- an ‘-il s learned t hi s task and stab le while microwaves s t i m u l a t e  n,insçn ,’c i f Ic react iv in - n -
“ ‘u s e  l i ne per in .r”narn c e was achieved • changes in th i s of B I ytnphold cci Is • they simultaneously decrease
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R n- uu1 ,., n- - ‘ - n- mu, ’, m ,s N.- - num,uu ui,, un-n- I I’~. n - u i ’ ’ ’
n-- ,, n - . ,  ‘ .n- / , --u- t n - u n - n-’ CURRENT L I T E R A T U R E

n - I n c  numbe r of - un ’ t igen react  i v,- cn ,’IIs specific for Use of this s-j - .tu’r’n allowed the detection of s i ng le  
t i - n  thymus uln’ n - ” mnuln ’ ,n n - and i ndependent ant i gens , The and mu l t i p l e  d i e l e c t r i c  d i s c o n t i n u i t i e s  n i  di n -n-un - m n-

ex posure cond i t uons  of ‘ m i c r o w a v e s  ‘n ‘ ‘n - ’ - see’s to be s ions  w e l l  below one wave leng th  in n - n - u n - e m  The re-
w e a k l y  insnuunosuppressive , Fur ther  s t u d i e s  on the s u i t -  n-n - m r ’  s e n s itive to ,i; un ’rn -u re size , wavelen gth ,
“x’. furanis ,’m n-~~f t h i s  ru -ac t ion ur n in proqru ’ss . ‘i - n - - m nfs .) and n u t un - rn ” , sepa ra t i on . ‘ N o  re t ’

50O~ E n - F t cT~ OF A 6O-H~ E L E C T R O M A G N E T I C  F I E L D  5008 vn-n - r . [n - t ;- l J O ’ . OF P .’,T’ n- BY - n - l
~ LEVEL 9 18 MHz

Ph LOOPHOn - IVE & AGGRESSIVE BEHA VIO RS OF M I ”~~o’,,n - ’ ;n - S n -  DEL I t IF A T ING THE DOSE-P [SP”PiSE
“ICE (“ i F T t ’ ,r ’; ABSTRACT) . (Eng.) Smith , It . F.; REL A T IONSHIP -

~~~ 
- ‘JO ABSTRACT) . n -E—

~~~) 
M- ,,- -

~~~, D.
Jus n - e s n - n - . D, R . ,T’n- .’ ~~ - n - ~ - u , ’ .m  n- ’ ‘n - n - , 19” n-~ n - u ’ n - n - i n - ;  C - ;  Lovel y ,  R. H .; Guy , A ,  W . 7 ’ s-,.’ r-; ’ .’n -In - ,n - ’n - :’ o~

’
‘1 “ 5 n - ” :  ~n- ’u

I t i “ 0 
~ 

un- 1n- J (~ 7 I “A

n- ‘ - , 1.”n-’. US Nn -’ / n ’ R L I , .t - ’ t - . A’~n- n - , - u’u’’ ’-’n- . ’,’ ’’h -n - .’- - ‘ .- , 1 : — : . - - n- ,
‘

n- W u - ~’n n ngton , D . C . ) :  146 ;  1976 , : n -~~n ;í’, n- n- pn- ’;~ . (..a’hinqton , D .C, i n- 9 1 ;  l97 (

s-’ uce in smal l groups we re observed for 24 to 48 hr To del m n - eat,- th e dosc’-res pon n-nn-- relationship , e i gh t
In r I - u n -- ”u ,u n - n - n - r ‘ n - n - n - i  v i  ty and for - i n - n - - n - r u ’ ’,’, ion ”r ela t€’d rn-r i In r a t s  were ‘ - n - n - n - i n ’. ’ -- . 1 for 13 wk n - u i  918 nIH, cent i nu—
voca l i,- , in -  Ions dur ing short  ( 120 -se c )  but re c u r r e nt  ous -n - ave m ic rowaves  at  n - t n - average incident f i e ld
and aper iodic un -s n su r i ’c to a 60—Hz f i e l d .  The f i e l d  , ‘ r , - , , n - ; t n- of 2 . 5  -- nW/ cnn ’ , The -ini ti als - -m i - r un - m r r a d i a t ’ -d
was sinus oidal v. n-h a n - l,unlumn - ,r ’t magnetic component 0 hr n- ’ - n - , n - r -~ ni ght for a total of 910 hr. The esposure
that was measured at 1.7 ‘-- WI n - ’; - root-mean-square . systen-~ con sisted f cy lindrical was-- n-’un -uide s capable
and its “ f t u ’ n - t s  were - n - r a i n - z n- n- I in terms o f s t r a i n  of o f d i ve r i ng  c i r c u l a r l y  p o l a r i z e d  guided waves
r- io nn-s u ’ n- DBA -2J , iinm n ,i’n ted n- u - - n - us C D - l  A l b i n o s ) ,  (1E 11 mode) and P l e s i ’ n - l a y  l i v i n g  chambers , wh ich nrc’-
c i r ca di a - periodi c ity . i - n - ’.l trend , H i ghl y r e l i a b l e  vided stand ard l , , l ’ u n - r - i t n n - r v  conditions for n - h i- rodents,
a s-md pers i s t e n t  i nc reases  of , n - n - t i v i t y  of n-u time-locked Thu -.-u ’ivn -q un - i d u ’ s  allowed easy q u a n t i f i c a t i o n  of n - hi ’
sort  were  ob erve d dun i ng m ’sn - r n - nv.n - r n - n -s of m ice  to the f i e l d s  I - n - r u n - a , h chn - n- -t - n-’r , i ndepe nrdn n- ’n t n-~~f o n - i ’ .-,’ rodents
f i e l d ,  Both the strain of mouse and c irc a dian period lin i ng s im u l n - , i n n -n ’ n - u l y n~~~ , - - n - ’ . - Daily ru -co ~~d i n q s  of
n - e n - u n - r e liable sources of variation . The influence body weight an-id food n - n - n - n - , 1  wa ter  i n take  demonst ra n- i --J no

n- n- i the I n n - n - I d  on n - t n - -  mea n-n - r n - -  . 1 aggressive behavior s’u q ni ficant d i f f - -r e nces frct n - -n -m -u ~ r t h~ e i n n - ’n- t i r radiated
was less s i g n i f i ~~.i n - nr , al though n -h , ’ data Sn - n - u n - n - l u s t  a a nd ei gh t sn - ,a’ - u - ir ra di , , tr- d con s- r n - n - I s ,  Four- , e m - n - h : - ,
twc’- i ’ , I t  r e a c t i o n :  i n h i b it  ion d u n - r i n g  exposure ( ‘ u I ’  n- n - n -- n- n - ; ’,c ’lv m- - -n- k b lood sans-p ie ’s ~ ‘‘ n - ,- , - r no d i f fu n -  - ‘ce ’
lowed by a rebound . Dat -u fr-n -n -ni control experiment s in serum chemistry ‘ i .e., Ca , Na , K , C l , BUN , CO 2 .
w i t h  ames n - f u n -  I n d  nm sham—exposed - u C  u r n - n - n - I s  , n - n I udc’d ior ’n- gap, and q I Jco- -.n-’) . Cent in - os  te  none l e v e l s  n- a n - -  -
an -ii n - i i n - ct ual basis n i the - - - - r  .r ’ - I a I t , - , i n - ions p 1 en-i n- i t the ,‘rn - -J s - n -f the radian - ion period gave no in—

i~~i~~y. N,, refs.) dic a t i on of s n - run -’,-,. During the 11 t h  n-s; , s e r i a l
- n- - - u - ’ .-.’ - -e- nt s - ‘ n - re --r adu ” of rectal n - u - - p e r a t u r e s  a n--
beh a v i o r a l  repertoire ; n e i t h e r  ,,f ,-; fn - ch de n -n - -n - nu n - s n - rated
a s i g n i f i c a n t  e f f e c t  to the micrn - n n - n - av n ’ exposure.

5007 “ICROWAVE IN T IR/i (’O,STION OF DIELECTRIC TAR— Fi na l l y, - u ’ n - ther c nnr , ’ -  nor on-n-n-I n n - t I e  sui ,cn - ’a ri n
-‘JTn- (1)  BY S C A T T E R I N O  P A P A ” I I [ P n -, ( M E E T I N G  pr ef en’ence t ,’ st n - su qgc ’sn -n’ - t he  presence of m a n - i l ’.,’ ,

A~ STRt.CTm . (tng.) Lam - , ’ , . I.. C .; Jacob i , J . H. T f n - s -’ significance o f t i - n -se re su lt t, w i t h  respect to
I, I in ~ r- n - u Inn i nc exposure _u t rat n-rn- W cm r I h n-I n’ in

“ Rn-n-n- 0 n-n- 
II i n s- es-u ral n- n - f n-he par i n- is’. ssed) ar e

n - .  ‘ . ‘ . ‘ ; “ u r . ’ f ’ - , - ‘- ‘ . n - ’ ’ ’ , ~1 . ’ ’ . ‘ - . u ’ n - . , d i s c u s s e d. n-ca refs ,)
n - I— ‘ n -  ‘ n u 1,~n- ,“ ‘o, ’n- r /n- iRS I s-/ n n- - u  n q t n n  , D.C.)
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In’ s- ideo n - microwave ra di ,un ion wa. used to im n t ” rrogate n- ,pn -~ ’~ AN l I t  IT RON Mt I , P ’ n ’ ,C r l r ’ I C  AND HEMATOLOGIC

- . me n-’~’ y s  cal S n - ruc n - n - n - n ,- i - n - n -  ‘ i n - ;  - - ru ’u ;uu ’ n-n .,v elect r i c.i I I N V E S T  I GAT I °N OF RATS u ‘ - n - S ON I C A L L Y  EXPOSED
pr -a;u.’r t i e s  n P  d i e l e c t ’  Ic ‘uhje ~~ts. S i n n - I e  and m u l t i —  TO L O W — I N T E N S I T Y  2 . 4 5  OH, ’ “II’ R OWu ’n ’n- n - E  RADIAT ION (MEET—
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p Ie du e l ,- - ‘ r u n -  discont inuj i tie s of various ‘n - u - n  - n - in c’ . I’ll , ABOTRACT) . ( C o g . )  S n - - n - I n -.’ -  r , 141 , 6 . : M n - t n - / n ,’l 1
a .1 , “ a n - n - n - - u r ‘,.le’, were - ‘ u n - . ’ ’ . n- i _ u n -  u n - n -  in a medium of - In - on— 0. S . n -”n;: i”u ’ ’ - .  - n - f ’  -n - - t n - n - n- n-~~ ~

;n- - -
, - ‘ ~n- ‘ n - s - n - n - . , n - ~n-, -t ‘“.;n-

i .‘u’ n - t -.u.~t~~r - ~“ . ‘  “ m u  i cal scaon inn - n - n - n - u rn i n - ted the in n-n - n’s - n- in- , : “s-n - ’ - n- n n - n -;~~n-’ u - .- .
’ I”; ‘ ‘ ‘ n - -~~ ~-n- b ” c ‘ 

- ‘s-n - sn-n-’ I/u ’ ‘.1 n- t

i ’n - ,u ti o n ‘P spatial resolution and a ’em t n - re ci f, - n - t n -~ n-~~. n- r u u ’i’.’-f ‘~ ‘ - ‘‘ ‘‘ - . ‘.‘ n- ‘‘ ,.- - , , n - i~~n -u: u - n-~.n-i I ‘
:~~~

‘
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‘ n- ’ n - n -~ ”-

‘ n- u ’ . ’  n - n -  ‘ C r I ng r i - n , - n- ens “n- i ’ m ‘,un ‘ - d n-., mu  the ‘ in n - i n - I  i t  ude ‘ ,‘ — i n -  ( ‘ ‘ ‘!n- , r - . ‘ n- ‘ - ‘. n - S NI fURS I , - i-I , ‘ n - i nq ton • D.C
amid phase of  5 n - ’n- and 5 

- 
I n - t  a n- , ’.” t , , i ~~ u’.I 3, 243 MHi 2.’ ; I n -f ,

N source. ‘n- esu ” were ’, n- - n - uI i nn- I  as f i n- u n, t ions of  s pace
n- n - n -  t in ,- n - n - n -  loujn - , n - in- ,t ‘ n - n -  in - n-i - scont inn - n - i t  I es pre sented , An at t ”n-Inn- was “ u - i c  to d i i  n - n - - u v u’n- pen “rn - u ’ nu’ n - n - I C i- t , i ut n -n- e5 in- i
0 j~~t ,’~ n - u  , , i l l - n -  I- - , 1, - n- --- i n - n - bed a” ‘ n - - r n - .  n - u - n - .me I ncor” the inc St r un - c t un -c 0’ n- ln - , ’ n - , ’  r u - / n - u n - i con’ -s - , n - n - i  n-re—
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u ’s- u t - - I u - m n - u  a n l l g i  r u I l y - n - , ’ r o l l u - u t  s c a n n e r  , wh n h  wave— in - r n - d u n - t n’ n- rats that rould be assoc i - ‘n - t e d  n--m i n - h
wa s i ‘ n- ‘ n- faced m ’ ’  n - - m n - n - t n - n - u n - u n -  ii rmn’t ,-us -n - rk anal yz ”r , mi .n- run -w I -I , ’ - odin-n-ed t ’ u ’f u v io nal - ‘ n - n - n - rn - u - s  (inc reased
In,, reS u , n - t l n q  cofnp l ”w ‘n- n-~ I in - n - ru t, ,f ‘,n - i .-u n - , u ’  ,‘uu’re i n - n - r n - f u r 1, - n - - a  n - - - r  u tivits- and n - fis nupt n’~l u n n - n eu,i ’ rn - d i s c r i m i n a —
n - r n - n - cu ”- u n-I to c n ,‘-i t, ’ -i n - n i l val ued n- un - - ”  t in - , , , n - n - f ‘.n - ’n -’- ” t i ye n-n-ond i t  loin- i no p r fu ’m n ’u .n-n -mce) oI’serveul in the san-nrc

f u r  ir mt e n s i n y p u n - n- n -  n u t  i - n , -  o ’ I n - , ” n -- n - n - a ,  n - I ,~. real m u m - r n - a i l s .  Fi I n- unen ma n - n -n - n, ’ female Spr - n- un - ’ - D i n - n - I s - u  rats

I 
I n-a l ued ~~~ a I - ‘ ‘ n  i n ’ ’ , n- 

‘,-n - ,’r u ’ n - I ’ - ’, I n y u - n -  ‘,n’ fi I t ered by n - n - n rc’ , - n - u n - n - n - n -, .- uf to 2.45 ( u I ,’ continuous —wa u.’e microwaves
d i g u  n -al n- ’v’tI’,n-,d’. tm, c ’ u ” n -n- u ” ’ u -n -a te I us - antu-r m na n - n - , u t  n - u r n s ,  a t .n - n - ’  e q uu- n - .uln nt i u i ’ n - u n u ’ — u- m. lv ,’ powan-r ,lt’ns ‘ n - u n 5 - ‘W n- n-”
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n- on 5 hr a In - s .  5 da n- . a w n - , t, , r .2 mn - k in a m u l t i - m u d.- of I l~~nu’ r p h n - n i n - l  ce ll s ( t f n u ’ n . n - — po s it i i ,.  r ema i ’n’- - -l un—
-,‘n-au’utn ,’r n- l u’ ’ . n- , n - n -~ ’,I and cal I bra tu ’d I n- n - ’  this pun n - u n - n - n - u’ , al n- r n - rent as did their fun c ‘ loon -n -i -n - ps - n - c i tin- (as evalu—
S i n -  tn - i I D  win- i n- ten cessation of radiation , irradiated atu’d by response of spl e e n - ru cells “ s-n- ‘‘‘r n - )  tn -n -  I n - u :
-‘ ‘i- - f r  n~ n - - i r m a d i a t n - , f  c . untnol  a n i , n - r , u l s  n- in- -r e per fused T c e l l  s p e c i f i c  miLoqen .,-p inyt r n - ( us -~magq I n - n - m m  and
w n  t n - n -  a var ia n - i  un - n of Ka nnovsk y ‘ s f i n -  n - I I ye , and n-,’mn - ’ - conc.ini aval In A and t i  a I I ‘,, n - u un - . u In- ct i mul a n - s - m r  c c l  I~~
I’’ - m l i ‘ir tex  t i s s u e s  were exami ned wi th an d i n -  n- r n - n - i in mi un ‘I I y u’nlu h n - i  yte cult un- ’’,, ‘ n - i n ,  n - u - f

ml r,,s,,’n - n, ’ - ‘1,- changes in u l trastructure un - n - i t  could
tn - -f i n i t e l y  be a t t r n- n - n - , n- ’ n ’ n- ’ to the p r i , u r  action - n - f  m i —
a’ ‘,-,,n n-,-’- were unbsen v ,-,I , Hematolog ic anal yses re-
veal nn-’.t a sign i f I , i nn’ increase its - m y  n- h m nu n - y n - n - ’ ., in 501 I ‘-‘i n- POW -TO t INDUCED TE n - i /T O 1 01.1 IN THE RAT
I n r n - n -  ia n - cd subject’ , ‘ - n ” n - , , i u,’ ,I w i th c , n - n t  rol n-~ n- , , In - n -I FT I n - in -’. ABSTRACT) . (Ent ~ , Ch e rr n -n n-v n ’ ‘/

Othe r s t a t i s t i c a l l y ‘s-i gni fi i _ n - un -n- d ifferenc es in n- n- n -un - u -  n-n- -
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C .  Oke A . F’ . ; I ’m . t n - n - ’- ’ . ,
D. P . n -

’
’ : n- u’ ‘. ‘

to Iu”itic .‘,ut ’,n -- n -n c’ t e r s n-n - c nn - - n-n b’.,’nvc ’ - t - Da i l y core n - u ’i’ n - ,‘ ‘n- n- / 0  n n - a .’ n-’, - ‘ ‘, ,‘ , ,‘ ‘ ‘ - I’:’en - ’s-n -. ‘ n-n-
perature sa’n-n-pl unq ind i c a n - n.l th at no whole—body ~~~~ U’. “ 0,” I’;! a , ‘- , n--mn- ’, n - .  : n -’ n - ’ T, ’:, ”.’,’,’t’ . s-ni

‘nun- tools place in is - radian - . ’’ subjects. ( t .  - r u - f - . ) ‘ ‘ “ n - n - n - .’ ‘., -
, ~~~ ‘ ‘ n , t’ ’•’ “.e” 

- - , n - n -  7.” - ‘

:.-~
‘n-’, U S N C / ’  I ~~~

. ‘ ‘ ‘ n - ’~~”. D. C.)n - I n - n- , 19/ I n- .

P r i n n - n - i qravi d r n - n -s w e r e  “ u ; - - . .- - in a “ n - n - I ’  - ‘ - ‘ ,,s- n - ’ ‘ s- n

50 10 “ J C n - ’-’n -w A cI ’, (24 50 “H ,’ - STI ” uL,S TE MATURATIOn -n - f - m u  20 m m n - ,  microwave r a d i a t i o n  (2 ,450 nIH,, ‘s3’ r
OF B LYMPHOID CELLS Is SPLE[N’, OF E X P O S E D  ‘nW - n - I or to l n- ’f u n - red radiation dur in g I ni l 7 days

“ I C E  (“F (T I  ‘/0 A B S T R A C T )  , ( C n n -n - , )  W I  it ’ n - u ’ in ’ , I u - n- cz,u: , of gesta tion , n - h -  10th tin-rough ‘n - un - 16th , n - n - u i unvn - ’’.t i —

n-t i - -me n - I , A. C .’m’ r s k i  , P . Leach , /1 - N - S et  I , n-n- - W , -n - _ n -  n- c un-n- i cr nun - - n - av ’ ‘induced n- m r .,-, 1 - n - g y  , I ncr - n - ’ .-’ n- s ‘if
“i - n - ,~~:,,,‘.‘

, - !n-’” n - .’ in- , ?“~ / s -n - .n - n - n - f  n - A ’ - ’:’,:,i - “  th.- colooic tempen atures were equa reP f or microwa n-c’ ~iun - ,l

s - n - I . n-” :I’ - ‘ n -- n!  ‘5’,’ er “ -“ ‘U n -c, :‘o~ ,-”, ’.’ n-/~ ’!,
. ,i,.. i r n f m , u r , - d  n - r e n - e t ”- - n - n - n - s ,  An imal s fret” ,u n - r n - i rd n -n - noun - ’ of

S ”,’ , n - , n-u - ’ - n- ” ’ r n -:C 3 n - . n - , mr , - ’’~~, ,n’-O . ,n -’ :u l , in- s- n -n - n - n- ., ,:‘ . ‘ ‘ r -Ia” ’ - we ,,’ given a ‘.n- , n - n - ’ n - —,,-n - ,n - , n - , i n -ru ’- I n - n - n -’ - , I - ‘ I n - h , -  7
- .‘ ! n -n- n -’ , , .’n- ’n-’. Un- n- h r  n - L P O I  n - W , is h m , n , n - n - ’ ’ , n -  . 0 - C  I n -  d iv’  , On n - h , -  9 th d,’n -v n~ f , n - u ’ ’, t a n -  ion , i- n- . - .- ‘ :-iu’mn-

?O~ 19 ’ 11 . n - , n - n -,s - ’ un by cesarean  s e c t i o n , and :‘ ter weighing , n-c rc’
I ned for s n - r un-: t nun - a I n- n - in - n - inn , ”,, 1 it  e n -  and si gns - ‘

-r ,‘n. ma l ua n - .  nn i n -n - ro -,.,n--n- c- -’S t imu ’, n - n - u ’ n - l  - ‘ - n - n -  n - r n - n - ion n - n - f  B insult. Brai nn- , n - _ f  f n- rn - sn ’’. tn- n- n - n- n-- n - c-re samp led from
I yn-’tpi - n n - . .1 c. ’l 1t, in ~pl u ’ u’ns • C B A / J u’rai l c- a d n - n - I t “ice ,-n- m-- r , - each n- n f the three tnea n - r n n - - n - un- n - n - mn ’ ups  ,,u ’r , n -n -u al yz ed n -n-mr
-- . n - ’ . ‘- ‘- 1 n -’- 21410 ‘-‘u-n ,’ microwaves (,n -n -” n- n l i t u d e  n - tmo du l a n - u ’,t lev els of norepinep fn -r i ne - u n - u n - I  dn-j pa- - i u n - . ’ , It  -- a - - f- n- ’n- .i

12 Hz) - u s- a i n - n - -,n-ai n I n-an-u. n- n ‘.1 o n - n -- ‘s-i in -sr 30 ‘ i n  in an tha t  ( I )  CXI’’,’’- i v e  hem or r f n - -’ug ic signs .s-,’r,’ ‘ ru n- nt i n
““v i ro’nt’n-n- -r, t n - I I coo n - r n - n -I <‘ n- ’, ,n-av’ - n- n - - n - I d e  fan i I i ty - T n - n - c f u n -  ui - e s  i f n - er i n f r a r u - n-l and microwa ve rid i a n - i n - r u n- (2 1
absorbed dose rate n - n - ’. cot’uput u -i l f r - n - n - u n -  un,ea’ n - n -’ ’~”nu’nt s of n - . - -r. , n - 1u ,’,n - in - n - n -I mass n-n,s t,l i n - n - I n ’ I~ b u n - r ,’I l i f t 5 I

‘orwand , s- ,’ n - l u - , te n- I , and n - n - n - r i ’.” I n -  n - u - I  power a n - , I was in - i  i n - n i n - ,ur.’ uI — ,n- u - d m i  n- - nu u -n - ,uv n - - — n - -J n -’ n a t , ’ .I subj~ ’ n n - s  corn—
. u i nn - n n - j t 14 ‘.~ 

- L n -~d5 w~n-’ I n- n -h n- - ‘ n - I n ,  n - - n -  una I fo r n - n - n - n - u i’ ,- par ed w i t h  n - t~u ,iv e r ,n - ’n - n’-l n - - n - u - -  of cont no I s ;  (3)  us- u n - - n —

“ n- n - n - r e .  “n- u - experi -’ ’’n - u t s n-,,’ m e c a r r ie d  out w i t h  two n - n - n - . ’- t number u’ ’ n- I - m I  resorptions did nat d i f f , - r  n - n - - n
n- : m - n - - , n - n - n ’. - ‘ “ I n - n - n -’ , One ‘n- rou t ) r es - n - ’  i n - n - n - I a S i  n,~ I n’ , . , - - n-h ,- ~‘ n - u ’ n - n o  I and in f ri red t r e a t” ’ ”  n - s  bur was hi ghly
sure n - -  30 ‘ r n - in;  n - hn - ’  o ther  group - “ c e ived a t o t a l  of n - ’ l t - v a t e d  in . i n - n n ’ n -  i a t i o n  w i t h  the -n - - i n - r e i n - n - n - v ,  t reat-
n- n - r e m n-n- u’posures - ‘ 30 “n-i n , e n - n - h  y r 3 -ul - j~ in tervals. n’n - , ’ n - r t ; mn - i d I n - il n- n-in - I le n - h,- e v e r .  u n - - i  ,-,‘h, ’I e n ’ m ,u i  rn- r~ - n - n - ‘ - “ u

‘ ‘ ,n- - e u p - ’sed a n i ’ - - a l s  ‘-n - rve d  as c “ n - n - m I s .  A sing le e ve n - IS  ,IId not d i f f e r  g r e a t l y  n- y en -  n- n - uu ’ three cond i-
“ n-n- n - n - -  t i n  r n - ’n - ,m. .-s in n - u n - h cond i t i ons  : u mcn - dn -j ce d t i n - n - n - u s  n - n t  t r u - ,n - n - r ’ n - c  run - , n - / u,- .n - n -- u - n , n - n - j~’n-t l c ’ s’i’ l - n - f  who le—b u -  n - i n

a s i r -n i  n - i c a n n -  i n n - r n - n - ’,, in n - h , -  n- n , ’ n- un ’ nc ’ s- - ‘ 1  a subpop— norep i nu’p h r ine  was luuw e r in  ‘tic u - c ,u , ,-n - ’,- . - — t n e a t e d  f,- n-use s
ula n - i o n  o f B I , I n -  c e l l s  beaning a n - - u .n- n - - ’ ’  n - n - u  than in - ’ c on n - n ’ mis or in f rared — t r ,- , s n - u’,l n u n - ’ . .  I t is
n-n- ,’n- nn n - - l u .’n,,’s-n s- I P s- n- ip l ‘ , , n - n - . e, i n - r , .’u not ‘in u ly  en- conc lcn-ded n - h u t  hi ghly i n - n t , ’,’ n- tmn i c r n -’uwave i r r a d i a t i o n
hanced thi s eff ect but sign- i ‘ i n - . n - n t i y i nc reased t hu IL lS 10) is a s n - r e s s o r  but one w i t h  segue lae n- n - n - n-
total In - ‘- n - , , ’ - ’  , - n- i tnsniunoq lobul in (I g) B cc Is in d i i  f - ‘ r ’ ,,nn -un -,’ n-al u, , t In ’ ,n - - n - I , , ’~~,’ p ro du n-n - u - n - l  n - n - n -  n - n u n- ven t  ional

~pIennns uf ‘- ‘ n - - n- c-i n-’n- un -e, v ’ ,,’ n - i ,,, t n - n - a , ‘. - n- prm n -n - — - ,- n - m s - u  - - of n - n -n , -m , ’ n - , n - l stre ss. n - N ’- r u - i t , , )
noun: “n-I 7 ian-c  .,f n- e r  exposure and was i nulependent of
c e l l  p r u l  n- i n - u n -  i n -n s i n - c , ’  n- he ~~nt , i l ,i,n-mher of sp leen
‘ells and n-he In ’onp onation uI H”TdR 1/’ i ’- n - - n c ”,uu ’.u n - n)

- - - ‘n -’un id i ’ , ,- ( R NA ’ - n- ’ ’-~- - ,m r ’ - - u n )  n - u n - n - n -  n - n - - l , n - , j cj ne ( n - nn - - n - . - I n  50 12 CAN E l  ECTR OMn -’u O N E T I C  WAVES CAUSE CONGENITAL
pnm,’~ ,n- r’.u,r) by sp I ,’en bone - urrow , and per i n - n - I n - u ’ ,  n- I ,‘,IiPMI, I 11,5 ? (ruI (T I n - i l ’  t I n - n - i so 11 )  ( C o g . )
b lo uu d I u n pi n - ,i d cc l  Is n-n - f  the u - n - p c - n - -n - i mice me ” n -. n - i n - nr’n - I Rn-n-n-n - h, R ,  ; n- ls - M, mt , , in - ., , n - -, , M n - ”: ,n- ’ t’, n- ‘, ‘ 

‘‘ ‘n - n - n - .’ ‘:‘ n- n- n- n - ,
u nn - m ’. ,n - ’n- ’n - s- ’,l , T h t ,  e s- f,;— n- could ‘po t he relate-n I n - , n -  th e  n- u .n - n - n - n- n - n- ’, i n - n - :- ; ‘n’ ‘in- . - ‘i n - ’ . - “ n - ’ /,‘n-n- . n- ‘ n-’ ‘. ‘‘‘

arrest ‘ n - f fn - n - n - n - n -.’-’ “n.s ts - n - u . n - n -  in- n - n - ‘ B c e l l s  in C, ’ 5 n- , u - n - , - , , n - ’ ” , - u ,- ’, - lle(d z ’ n - u . ‘ n - ’ ’. n - ’. n - ,,
s i  nc 7 days u i -  “r -, si ‘‘ -n - I c e . n - ’ ’ n - n -  me t’,,’ numrn-her of :n -” i n - ’  - “ n ’ , n- ’,-n- . . t , n - ,  ‘ n - - n- . ‘ tn - s -, ,~ n - — ‘,‘ ‘ ‘ -! ‘ .‘n-’ , 1,’ - ‘. n - n -S in - C ,!

Ge ll~ spontaneo n- s I’,’ f un - n - -’ I n-u q I ‘n-f-’ ant n- , n - ’ ,~ v m l so in— URS I . (t,L,-s-In I m n -n - s t on , D.C - ) : I n - n - n -  - l- a /f~ -
n- cr e’ .n- -,enl as “ n - u i  n - n - n - t e d  n- v t i-n- c n - u I - u n - n - - n - .’ .u’,’..n - -s- , Moreover ,

t in - c  Vu,,, n- ‘ ‘ - - n - I  i t s -wren-n’, e n - n - n - ,,i i , ci ’ these mice was T i m ,t , ’ter rn - iine w h e n - h u n  electroma gnet i s - waves can cause
eva I - n - , n - n - ’ - n - i  h~ the respm -n-n ce o n- n - f n -~- u r  sp l”e ’n c e l l s  ‘ .- conqen i t n - I  .n-nomaliet,. i n - ,’ , ill w h i t , ’  mice with timed
‘“ n- ”, to B c.’ I I - ‘.p”c I ‘ n- c m l m :,up.n’, - ‘I, n- ran sul p irat e pm “n -n - tn - inc i, ’, un-,’re s i  c i t  n u n  -n - n -  uni m a d  n - n - e d  c o o n - r n - n - I s
Iipo pol yS n - n - c h a m i m lc , p o lyln cis in ic n - p o l v c s t l d y l i c  n - n - in-I , or were expn -”-” i i i n d i v i d u a l l y  fu ,r 4 mm ( 0 2 ,450 MHz
,n- nd PPO - t n-

~ n- ‘.uI in , W i-n i1 e t n-n -en-u - n - n - s no ‘ n - i  n - n - n- I ‘~~, , n - n - , n -  m m -  rcsun-,,vu’ n- n - i l i n  ion in ,m w n - m ’ n - i ’ n I ’ n -  m s - I , ’  “s- an ,p qn-n-1 .12 to

~~~ inc r ease in t h e i r  ahi I i  n - y n - n -  respond to d en - tn - ran  su n - I - 1 1 4 ,6  -n-n- ’q ,iv ,’r,liIu- absorbed if ’s,’ r n - n - ,’ ( 2 3 . 7 9  to 2/,5
p h alu- n- ,n-~n- i d ”  sn - i n - n n e n - l ,,Vec un-eci nat a I Ii Ce I Is) , n - n - u , ’ r ,- was J/g aven ,n -m n - ’- .uln’ .’urh u ’mi uI - n - c u’)  , I u n - -  n - e m n- u l uc ’ m, u tu r e  s-n,,”
a sugru l t i n - i n - - n -  inn ‘“ ‘1’ -’ is-’ tn- re in abl t i t  v to nu’spond control 1 ‘nI ‘u t 25C C n - n - un - I h u m idity at 50 - A mi n lmn -n -m
n - .  the ,n n - n - , r P ccl I , n - r ’,,1,’ns us,’-l . T i ,,- prop’’nt ion of 10 i n r u - n - i n - n , , n n - t  m i c e  n- n - er ,- e’c n- u n - ’ s e ’,i On ‘n-n- n - n - In - gest,i t ion
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p.
I n - n - - , l r’n-m’n- 0 to II i nclusive , tcu ,l,’n - ermine on which mm n-n - et a I  floor. The electrical re”,i S n - a nce between the

day (s )  t h ~ mice wer e nr~ist  na d io s e n s i t lv e  w i n - h  me- ‘n-r ’,u ’,n -un ’ l p lane and the sw ine was about 2 ,000 ‘n-f-n- ’nn ’..
n - p e r t mn- n- the micnowave induction of fetal deaths and The cin -nnent Iu e .tw u u .un the swine ’s r’ou th and the grounded
inomalic ’c , I t  was found that day 8 showed a sign i f- watering fixture was a linear function of field
i cann -  increment in f e t a l  deaths and anomalies (con- s t reng th  and in no case exceeded 165 n-n-Amp at a f i e l d
tno l s  22 , 3 -  and 8 days 6i- ,O ’), The rn-n -os- frequent stre rrg n -h ‘n - f 55 kV/m. Th .’ threshold for perception of
effect s were m e son -pt ions and deaths , ‘n - n - n - un - ring a trx uth to w a t e r i n g  sys tem current  was measured in
shorn -l y af ter i n - r a n - n - a n - i o n, With counts nu n - congeni- another expeniurient and was found to be greater than
tal n - non - n u n - n - lies onl y ,  d iys 4 and 8 appeared to show 225 n-Amp for all swine . At 20 kV/m , the average
percentage increments but below siq n ifiu , ,n - n n - levels short circuit current of four swine was 135 ‘ Ii ,,Amp ,
f,’r the number un-i f animals ; onl y lOS showed en-n-en- The electric field was marked l y d i s t o r ted by the
cepha li.s (brain hernia) compared w ith l,’sc than Ii swi ne ’s body and was increased by a factor n- n I  6.7
n-cur conm rn - i ls . E xaminations were made an - 18 qesta- at the top if the nick , C a l c u l a t i o n s  based on an
n- ion  ,-hn- -,c , The r e s u l t s  agree w i t h  n - h un -u ’ previousl y d l  i ps.n- i da l mn-ndel of sw ine p red ic ted  a va lue of 6.6
shown for ,-t f , s- IS n-n - n- i onizi ng radiation s , n- n n - . n - i’p’’,t m u g for thi s enhancement f a c t n n - n and a shor t  c i r c u i t  cu r—
t i - -’ n - t  n - Ia - n -  8 us the “x’’.t radiosensitive day f - n - n  the rent of 125 -An n- np at -i field stme m on -ti-. of 2 n kV/n-ri .
“‘on- n - ” n -  embryo and f e t u s , (No refs.) (No refs .)

5013 RESPONSE OF SWINE TO 60 Hz El ECTR IC FIELDS 5015 CHRONIC EXPOSURE OF PRIMATES TO E L E C T R I C
S (MEETING A B S T R A C T ) .  (Enq .)  Hj ere ser n- , D. AND MAGNETIC  F I E L D S  ASSOC IATE D W I T H  ELF

I,..; Bears-n-er , J . L .; Kaune , 14 . T.; P h i l l i ps , It . 0.; COMMUNICATIONS SYSTEMS (MEETING ABSTRACT). (Eng.)
— Richardson R L ‘n- 1 )  u’ n- ,, . Gr n - sse t t J D n-’ Pn- A

i ’s-” On - t n- n- m n - n- u ;  rn- 3 d
U -

, 
-; • - ‘ ‘ ,‘ 

‘ ‘-In - n - .’.; n - n -  u. n- I tn-S , 5’, -
‘ ,.‘ ‘ O - n- - ’ , ‘.‘r n;’ ‘ . - : ‘ ‘n- . ’.’ : ‘ n-n- .n-’.’ ‘ ‘n- , .‘ ‘ - , ‘.

- - - ‘ , :‘
~ ,n- . ~~~~~~~ n - n - n- , h - i n - n- •n -  - !- -n - ’, i n - . USNC/ “,- ,- , - ‘ ‘,“ . ‘ ‘ - , ‘ , :~ - i “ , ‘ ‘ . USNC/URS I -URS I - (W ,n - s hinun - t r i u i , D.C.): 146;  976 . (Wai l - inn - ton , D.C.): 145; 107’,

E x p e rn - n -” enn - s n - n - n r c’ conducted to determine whether Han- T - ,n-csess the u - n - f r - c  is of chronic exposure to electric
I n - n - n - I M i n ia ture Swin e n HH O ) u,’ n -~~ Id be cn-c ” n-c ”.l Co lange and magnetic fields associat ,, - ’ w in -h extra low E s-- u”-

e l 0 c t n i c  ‘u e l ds w i n - in - n u n -  acu te  s ide e f f e c t s  and n - n - n  quency ( F L F i  c or n - smi un i ca t i nn - n - un -s  s y s t e m s , a group of 30
de n - n - rn inc the upper l i m i t  on field strength , n-n-p to exper imenta l animals ( “ n- n- ”:.’ n-’ ’ ’ :’ and 30 u n - cnn - n t rn - I
55 . - 

n- -’ , that wou ld  not produce corona (ozone) on or anim a ls , pa ir-r’atch ed 1”.’ in- n- n - ’ , sex , wei ght , and med i-
near n- he n - in , ’nn - n -I shocks from a dr ink ing w a t e r i n g  ca l h i s n - . - r v  - n - s - - n - c -  exposed s - n - n u n -  inuo usly ( e x p e r i m e n t a l
sys n -m ’- . -ur vi s i b l c h a i r s ti tn u l a t ion. F0un HMS -wm ;re a n i n - nal s on l y) tn ma gne uic an-rd e l ecn - nic f i e ln - I s . The
n - u - n - n - ned I- d n i n - n - L  i’m-u -- a w a t e r i n g  s y s t e m  in response f i e l ds w e n - - -  s i m i l a r  to Chose exper ienced by man in
n - -. a 750 Hz tone. Observa t i ons  were made to d e t e c t  con tac t  w i t h  the so i l  su n - f in - n - c ’ d irectly above a buried
,in , cha nges in dr ink ing behavio r as a function of ELF antenn,i . Blood s.i’n -n - 1 n - es n - - e n - u ’  drawn weekly for
electric field strength. The drinking response and biochemical analysis. Ph ysical ,‘xar’ ina tio ns were
general I “ u u a v n - - m u -  of swine appeared norma l at field give n at 6 ,-n-k intervals. C l i n i c a l  and blood chemis-
s t r e n g t h s  up to 50 k y / - n , No corona occurred on or tr y re s ult- . E rr 294 days cm1 exposure are presented .
un - , rn - .n - the swine an - field strengths up to 55 kV ’ nn . ( No r ef ~~.IAn ima lt ,  sta nd i nm n - on a grounded “ n- e n- a l  p l a t e  d i d  not
rece ive shocks inn”  n - i n n -  qrounuiu’d ‘ n - u  ten i m’m g sy n-. tm-n - n - n - at
f i n - I d  strengths as hi gh as 55 ky/n un ;  swine insulated
fr uit ground rece ived  shocks un - n -  10 kV/m. The n-lim es- 50 16 60 - He ELECTRIC F IELD EXPOSURE SYSTEM FOR
hold field strength for pi loen ection and hair oscil- A MINIATURE SWINE COLONY (MEETING ABSTRACT) .

- m - - l ati o n was about 50 kV/m. Experimental evidence was (Enq.) G i l l i s , J. 1.; Ben-un-tn-e r , It. 1 , ;  Richardson ,
‘nbn - - e i n e d  that indi ca ted HMS perc eive electric fi elds It. L.; A l l e n , C. H ,; fn-,,,n -~ un - n- . 14 , 1, :‘ :  ~~~ ‘- - ‘ n - n - en- n- n-n-
at 30 n -’- 40 kV/m . (N’, re in - n - , ) ‘ ‘ f - n - , ’ n - ,  n- A ’ .’ n - n - u n - z , ‘I’ .’ l’j’n- r “ n - n - n -. - 7’:r- ’u ” n - ,; I ’ n- ’:,.’ ‘ -‘un - n - ’-”,

n-o’-n-±’- -’ ~
‘n- .1,- ’ n - - ‘- - ‘I.- n - n -- i ,n-~ - n - n- - ’ , - . ‘

u :‘ ‘n- - ’- ’
- , ( 1  n-’ ’ ’ ’ , “ I . - .’’ , “ n- ,- , . ,- . ; - - ,,,, ‘ ‘ ,- , j~

_ ’. 
IJ S N C/ U R S I .  lW .m ’, ” i n q to n , D . C - )  n- n- , , I n - n - / I n ,

s o n -  INT E RACTION OF SWINE WITH 60 HZ  ELECTRIC% FIELDS (MEETING ABSTRACT). (tog.) Kaune , A facili ty under u ’nstnu ct ion is described that w i l l
14. 1., Be’.ur’n-er , J. L , . Hjn - ’n - , ’c .’r,, 0. L .; P h i l l i p s , penmit the I n u u l u l - t , ’ m n - u n  study n- nI e lec t r i c  f i e ld  e f f ect s
R. 0.; Ric har ui s ’nr u . R. L . :u-n- ,~ 

- n-. ‘.. -,U~~,n-,i - n-’ n -I
n- .‘ on min iature sw i ne under well-defined conditions.

f_ n - u n- , ,u~ /~ ‘ n - n -  ‘.- 
n--

’ ‘ - - ,‘.- - - n-~ - ‘ “ - n - m , ,;
~ 

l,’.n- -un - “ Rn- n-n -/ n-, I t consists of .n - conductin g—f I un - uur groun d pad , non—
f - 

;‘ - - . n-!., n - n- Q’  ‘0. ‘!~ f y m ,mmn - :
’
n - ,  I’ n - ’ n - n - n - n - n - n - ’ I n - - u n -’,- ’ ’ .’ Am— conducting con ti q tu n -~n- n -s s t a l l s , no conduct ing roof and

- 
/-n - . en- ’’, ‘“ n-u .n-n- n- “n- n- ,. ’ ’ ’  - , J ,’ — 1 ’ - ~~~~ n- , 7,n- ’n- ’, USNC / w a l l s , and an overhead I m u ’ ,,- array mn - f four tubular
URSI . (Wash ington , D.C.): I n -n - 5 _ i4f n -n - : 1976 . conductors connected n - m i a high- voltage ’ transformer ,

The desig n i s intended n - i  s ,n-tis fy several criteria ,
The interact ion of n-’ ,, u ’ I ’ , rn -l M i n i - l u r e  Swine w I n - h  uni- inc l uding t h e ’ following: (I) I n - u -  voltage suppl y and( for m , ver tft.u l , S i un m n - l e p h a s c , 60 Hi elect ric f i e l d s  electrod e system must provide unifor m , ver tical 60-Hz( I was “ n - n - n - u ’  n - i  gin-ed . ‘ mum sn-u inc we re m d  I vidua l I y ,‘I ccl n - Ic fie Ii ’ . ‘‘1 large ‘‘in -n - ni tude ; (2) the ‘n - n - rn - n -n- -

‘ ‘s-. ‘ n - u - s n - nt during expo ’, n - m m e ’  to d en - n - s - ic fields (to Sn-, tunes between n-he pad f loor n - n I  ele ctrod e mu st not
kV /m) , wi’ I Ic housed in a P lex i g Ia- , p-en w n - n- I n - a - n - r n - u r n - u , - - 1 si u n - m n - i f  i cant I Y I”' s- I urb the applied ii un - Id non , muu n - n -  m i —
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bute n - n - .  ozone j’rn - ’ dun - ct ion ; (3) the f a c i l i t y  must normal incidence from a metal plate suspended in the
;nm ,u n - im l ,’ for ani ”u al comført and routine husbandry far field reg ion of a hor n-irradiated anechoic chain-
throughout the year ;  (4 )  the a n i m a l s  w i l l  be m d i -  ber.  The phys i ca l cross sec t ion  of the i r r a d i a t e d
v idua l ly  s t a l l e d  to m i n i m i z e  mutual sh ie ld i ng  and pupae accounted for less than It of the r e f l e c t i n g
permit f u ” r o w i n q  in n - b ,’ f i e l d;  (5) nen - r sn - n- mt e mr~~n i toning plate area to insure a minimum f i e l d  per t urba t ion ,
0 ,,r” hn - e n t condit ions and obse nvat io n~ unI the colony , and the long a x i s  of each pupa was oriented parallel

,~h i I e  n- he f i e l d  i s  on , wi l l be a f forded by approp rl -  to the H - f i e l d  v e c t o r .  For t he r e f l ec ted  plane wave
- un - c  i n s t r umen ta t i on ;  (6)  z e r o - f i e l d  f a c i l i t y ,  other- system in wh ich  the microwa ve dose rate was c a lo r i —
wise identical n - u n the experimental colony f a c i l i ty, metrically determined to be less  than 12 mW/g in
w il l be provided for control  an imals ;  and (7) the ‘ n - u,’ - phantom i n s e c t s , i n i t i a l  r e s u l t s  showed teratogenic

n - n -  ,,u n-~~n- n - l d  allow expansion f,-ur fu ture  a numal  genen- e f f e c t s  of i r r a d ia t i o n  in pupae posi t ioned in both
atm - in s w i t h  n - ’n - it ’ n n-’n ,,l .‘n-n peun-se and f u e l d  i n te r rup t ion,  the E -f i e l d  maximum plane and the H — f i e l d  maximum
(n-n- n- r,’f n- , )  p lane; furthermore , the te ra to log ic damage appeared

to occur as o f ten in e i t he r  pos i t ion , Th i s  resu l t
- ‘ Ind ica tes  tha n- for th is frequency and o r i e n t a t i o n ,

each f i e l d  q u a n t i t y  can independentl y produce en - f -
50 17 THE EFFECT OF REPEAT ED MICROWAVE EXPOSURE f ec t s  s i m i l a r  to those p rev ious l y seen at X -ban d in

IN NEONATAL RATS (M E ETIN I ,  ABSTRACT) . ( E r g . )  waveguide i r r a d i a t i o n  sysn - u ’ s- t s . (No refs .)
It .; ~‘i chae ln -on , S. ‘- n - : n - n -n - n - ’.- , -~ /‘:n-n - ’ n- ’ ,’ n- On- ;

n-4 ’:’’ n- ,.i,’ n-~
- ,-’~~~ n- ‘ n- u : ’ :~ ,- r ” n - n- n - n- n- ;- a-; 7 ‘n-’, n- ’,-’- , n - n -I’

-
- ‘ ‘.~~‘

. H n - n - i : n- ’ n- i’ m ’ n- p., 
- 

‘ - - n - - u ’’ - n-, ’;’ n - n - n - ’,’ I t n - n - ,
n - - - , . r. ’~~, ‘1:. ’ .’ n- ‘n- n- .- ’ - :  ‘ - , 1:-::, “ n- -n - ’ , :.n- ’~

’. USNC/ 5019 S UPPRESSION BY HYPE RT H ERM IA OR BY 24 50 MHz
in - Rn - n - I - (Wash inn -n -tc n -n , D.C.) : 144 ; 1976 . MI CROWAVES OF REPAIR OF DAMAGE PRO DUCED

BY IONIZING RADIATION (MEETING ABSTRACT) . (Eng.)
The e f f ec t n- if repeated microwave exposure was s tud-  Lai , P . K . ;  Cain , C.  A . ;  Ducof f , H. S.  T n - :  Tho—
led in nec - na t - n - I  r a t s  (Long Evans Hooded ) exposed to ‘~~~ - ;‘ ‘n - on- O,~~~~2. n - n - n - ‘ c’ A n - n - ’, . ’ n- ’, - ‘ “to’ n-- n-’ c;,

n- ,O -“n-J ” c”n- , 2 ,45 0 MHz , s - c n n- n- i nuous wave (CW) r a d i a t i o n  ‘n-un- f i n - u n - n - i  4 n - ’ n - - ’ n -  0” ,‘~
- i/n -

’- n- , ‘ “ - “ n - ’. ,Oi-’ -
‘ I a n - ~~ - ‘, ‘ u n - ’ - - r—

for 5 “n -in each day from day 1 to day 6 of l i f e , On ‘n- n- ’ , n- ’ r,’n - n - n -.,- . , n - - ,,n - , I n - ’ , - -“ n n - m - r’a- n- , n -n - n - n -n- . , “n- ’ ‘ ‘ ,‘ , n - .’ — .’2
postnata l day 7, the nan - s  were  e i t h e r  s a c r i f i c e d , ‘- ‘“- i -n- n -- n - ’, n - n - n - ”. USNC/ UR S I .  (Wash ington , D . C . ) :  142 ;
u’ n- pn ’- S u ’ - n -  to 2 ,450 MHz CW for a seventh  t ime , on in— 1976 .
je c t un -d w i ’” adrenocont lcit ropic hormone (ACTH)
In-.’ u n - t n -  mm after n-he final exposure on injec tion , I t has been demonstrated tha n- the lethal effect of
n- I’” n - n - n - n -i - - i n - s  were s a c r i f i c e d , T m - n - un - I blood and adrenal gama-nadia t ion in normal on ne o p ia s t i c  man -rwun -alian
g land s .n-ere ‘,,ive- m i, ~~~n- 4 i f f n -n-c -nce  was found in plas- ce l l s  is g rea t l y reduce d when a g iven dose is admin-
n-na cOrt icos te rone conc~l’4~ a t i o n s  between the r a t s  is te red  in two or more f r ac t i ons  separated by in ter-
n- n - r ” -.u i ous l y exposed to m ic’lhn-~,4aves and control animals vats of a few hours. This sparing effect of dose
tha t  were  not exposed . Basal p las ma conticosterone fractionation (Sdf) imp lies repair of some of the
‘:-,nc en tnat ions were less than 2 ,.q’ in both groups . damage during the in te rva l between f r a c t i o n s ;  Sdi
~n - ,I l ow ing either m icrowave exposure or ACTH i n ) e c - is  abolished , if the I r r a d i a t e d  c e l l s  are sub jec ted
t ion on d~~y 7, plasma co r t i cost e rone  l eve l s  remained to hy penthe ru ’ u ia (4 l~~-4 3 ° C ) between f rac t ions .  In
low (‘ c 3 rn- ’) in botI’ n-’xposu ,-d and contro l animals - t h i s  i nvesti gation , the suppression by hypes- thenmia ,
A s n - a n - i s t n - c~i I l - n- s i gn i f i c a n t  increase in adrena l net or by microwaves , of repair  o f damage produced by
we i- n - ht was noted in animals exposed to micnowave s ion i zing radiation was studied in intact flower
on n-he first 6 post natal days. The cause and bio - beetles. Hypenthenmia (43° -65’C) applied for 2 h r
lo g i c s i g n i f i c a nce of t h i n -  enlargement is unknown , a f t e r  thn- f i n ~ t friction not onl y abolished SdIn- dun

• 
- 

It iS hypothesized that because the f i r s t  2 -3  wk ing the 2-hr In te rva l but caused p ro t rac ted  suppres-
after I - n - m n - h are very critica l in the development ui sion un- f Sdf . Supn- re’ssion of Sdf was observed even
the rat , eff ects of microwave exposure during this when it was found that the t rea ted b e e t l e s  were me-

n- peri od n-u n -  be manifested at this tim e or at a later turned to tn-n-e’ norma l incubation temperature n- un -  30’C
s n - a g e  l i f e . (No re fi ,)  for severa l  hours bef,,ne the second qamnsnn -a-nadiation

- - 
e x p o s u r e .  S i u n - t i l a n  suppression of Sdf was obtained n-

n-

b y 2-hr exposure to 2 ,450 MHz radi a t i o n -  a fter the
first qau murn -ma —i rnadiat lon. These results - ,,m , n - , n - ,’’. n - t n - n e

• 5018 INSECT PUPAE TERAT Cn -GENE S IS IN A STANDING fe a s i b i l i ty of using microwaves to produce I n - u n - . , l i :ed
WAVE IRRADIATI ON SYSTEM (MEET I NG ABSTRACT) . hypenthermia in t n - , n -’ n - - rs, w h i l e  pe r m i t t i n g  norma l n-i s-

(En g ) Olsen It G Pr’ n- n- In- u’ sues to repair ian’n-age durunq fractionated radio
- ‘ n - t n -  - ‘ 

, 
n - n -.’ ‘ n - ’. run- -: ’ ‘ ‘n- ,n- - ‘n - n - n- ’ ‘n- ‘ ‘ “ in - ~ ‘ - n- therapy . (No refs

- - ‘ -  ‘-‘“ ‘ H.ni n- ’ ‘ ,n- , ‘ n - ’  0.-u n - n -  ‘ - n - I  t’ n - n - n -’ n- ‘~ mn - - n - I n - n -,
“ ,‘i ”n- ,. n- n -n - ’ , ‘- ‘n- n -m .t- ’:’-n - n -~n-n- .n - I ’ :’, 1 : — : n - n - ’: -h. - n - ’ , ‘ n- n - / u’. USNC /

URSI . (Washington , D .C . )n - 144~ 1976 ,
5020 MIC ROWAVE HYPERTHERM IA AND Co-60 RADIATION

Teratoqenesis was stud i ed In pupae of n- he mealwo rm TREATMENT OF HAMSTER MELANOMA (MEETING
-
‘ u - u i  “

‘ n- n-n- 
- ‘ ‘ - n - ., r r,i,iia ted in the stand i ng ABSTRACT) . (Eng.) Vetn - e r . R . J .,’ S toetzel . C . A.;

wave region of a cnn - lnu,jous wave 4 GHz s i gna l so Shupe , It. [mm : ‘‘n’ - - ‘, . - 
~n-’’ n - n -, ’ - “ :0, ;j~r -l ’:’ :n -~ ; tn- ,

- 
t n -n u t  ‘“a - of s- f,.’ pupae were posi t ioned in an E — f i e l d  s-n - .; 

,
, “ n- h,- ’ ‘in - : , n-’r ,,; n - n - ‘n - _ n - ‘ ~ , n - , u ,- -

~ Run- .: n - s -n- ,~n-i~ : n- ’:
n-na ,- imuun plane , wh i le  on- hers were pos i t i oned  in an Ii. n - n - n- n - I t-~n - . - n - ’ n - n -  n - u , rn -n - n- n - n ,  - n -n - 

, “
, O n - n - ; ”,, n - n - ,’’’ .’, l”n-/:,’m’n-t

ad ,ir ecn - H-field maximum plane . The standing wave t- ’n-’-m”n-n- -”°’ n - n - e n -, n - . -~~ n-n- ‘ ‘ ‘ - n-’ n- , ;.n-n-I’e . USNC /URS I
pat t.rn was produced by reflectin g a plane wave at (Was hmnq tun -n , D . C . ) :  140 , l~~76.
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T b , .‘~~f’,’n-n - t of mis-mow ,)v,-’ hv n - nn - ’ r t h.’r ’ni,i , alo ne and In chronic , subthne shold exposures total Ing over three
u, , u” n- b i n a t io n  w i t h  ‘ ‘Cs-u r a d i a t i o n , and In f ra red  hyper- time s In duration those of an acute nature do not
n-hernia a l n -nn - n - i ’. on an , n- nn-u , ’ la n o t i c  melanoma c1iu’ n - i f I c  provoke a r e a c t i o n  that a f f e c t s  ascorb ic  ac id l eve l s
to golden S y r i a n  hamsters was i nvesti gated . In pre— in n-he eye . (No nefs.)
I iminary york , t u n - , u t , n n- ’ u n - t s  w i t h  250 kV x-r .iys as hi gh
as 800 rids per treatment n-n- iv i - t n -  on 5 c m u r n - ’. t’c u ( ive
n- lays  h,n- ,I no elf ,’  on ‘-,‘Ianom na growth , c o n f i r m i n g
r ,iu ii, ’re s i sta n ce repo rn-nomI in n - In , l iterature , In this 5022 DOSE RATE RELATED EFFECTS ON THE OXYGEN

°tudy , duration of hypern -hermi a m n - .’n- ’ n - 12 in n - in and ‘ a,, CONS IJMPTION OF MICE DURING AND AFTER MICRO

u n - n - .u - ’. n - n - r m ’  was 200 R pen t r e a n - n - n - ,’ nn -  - Experimental groups WAVE I R R A D I A T I O N  (MEETING A B S T R A C T )  - (E ng. ) Ho ,

were d i v ided  inn- n hi gh and low tumor temperat ure sub- H. S . ,  E dwards ,  W.  P. ~
- : - - ‘ ‘ . - .

‘ ‘  

‘ n - ’ of’ ~;n-n- :o - ”

‘ n - ru n - m u;’ ’ - :,-, .0 °C and 4 1 .5 °C for in - n - fnared) , T i n - s u e  tem— ‘ ‘~ :1 ,‘~~ .. n- u cnn - n n-
’ ‘n-n - in- ’ . ,.

~~n- .iom~ l ‘‘u - n - u-u , s-,~~ n-n-,;,!~o

n-u n - r n -  t une  was di If i cul ‘ n - n - u  contro l  in the mic rowave  - ‘ . , ‘ ‘ ~~~ i n - n - i  n- n- 
, ‘ ‘ n - .  “. - n- n - - ’ ‘ ‘ ,. ,‘ ‘-t n- n - :.n- n- . ‘ n - n n - : .  ‘ n - ’ ,

un-r n - u - un - n - c r esultin g in w ide  va n - n -  ion in tumor t empera - il,”’n- fr n - u n-n -of , n -n - n -  n - n - n - ..- n - ’ .’, ,‘ _ . . ‘ n - n - - !- - n-’ , n - . - ” . USNC/
t u re S .  T on-or vu ,l n-n- ’n-u, ’s and survival times ,.n-, u’

~
, re— URSI . ( W a s h i ng t o n , D . C . ) : 1 19 ;  1976 .

corded tn - n judge n-rc ’atment efficacy , T,i n-n-e r re gres-
sio n n-nd n- n - ,’,,, n-,urvi ’u ,i l tim e in t lu n n - u n in - h~~temp n-n-rat un e 

To invest i- m u t e  the thermal stress due to microwave

m i m .,- un uy ,n-ve p lus - - 
Co n- : r n nu l n- n - n - c r ,’ si qn i f i s - a n - n - t ly greater radiat ion , the oxygen consumption rate was used as

n- ’.’ t - .~n in a l l  ‘ - n - n - n u n t r, ’,itr mn-ent groups . I t  is ‘..n- n- n n - n n - s n - n - ’n i a b io log ic ind ica to r  in n- -n -- , Ie CF I mice i r r a d i a t e d
than - ‘ i n - h  n- ’n-- pu’ r - n - r , n - ” e  mnic n n- u w - n - -.- u ’ F y n - n - n - m t f n - e r c n - i a  i n - - s i ng ly w i t h  2 ,450 Mn-li  c un mn - t lnu ou s wave m i c r o w a v e s ,

s- - ,- ,u
~~’ s ra n - fii ’,on’, i t i v i n - y  and should be con si ’lu ’r,n-’uI I r r a d i a t ion - -on-s performe d i - u  a wave quide apparatus

-m po n- m’’ n - t ial adjunct tin (- n - ns - . r r a di u ’u n - t n - ’ r , n ; n,n- , w i t h  i n c i d e n t  n - n m u n -- u . - m  evu ’I; mn- f
’ 
I) (‘n-ha m), 0.09 , 0.3,

f n - N- re v s . )  0.6 , 1 .7, and 3 ,; W , resul ting in correspond i ng
average ahsorimc’ n- , dose rites of 0 (sham) , I .5, 5, 10 ,
25, and 45 n-n W / n - ,  The environmental conditions were
24°C , 60’ reI n- lye h u m i d i t y ,  and a i r  f low ra te  of

5021 ASCORBIC ACID LEVELS I’m RABBIT EYES AFTER 76 mI/m m . The r , i t , ’  of  oxy g en consumpt ion  of the
SINGLE AND REPEATED EXPOSURE TO MICROWAVE mouse wa, dr -termined at 5 mm i n te r v a l s  by means of

R.ADIA ION (“[ET ING ABSTRACT) . (Eng.) Fern , E. S. a parama gnun-tic oxygen analyzer before , during , and
n- ’ - : ’ ’,- ’ ’ ~ n- n - n - r e on- ‘n- , - ,.u - ’t . n - u , - , n - , ,T ’n - ,  n- n n - , n- ~- n - ’ n-~~ after each irradiation. Each of the stages lasted

Rain--” ‘ - ., ‘,, ‘- i / n - - i n - I  - in - ‘0’ 30 in n - in. Results of the experiment indicated reduc—
‘un n - 0u-rn -’ n - t~, n- n- ;  - ‘ - n- . ’ n-,”;,n- ..- - t.’, ’ n - ” ‘n- ’ , ,-:;. ‘:‘ :-“ n - ’us.- ’ ’ nn , ti on of oxygen consumption in addition to the pre-

li — n - in - ‘ ‘ - .‘ . - - , ‘ ‘. USNC/URSI . I~~n- 1’.~~ington , D.C.): vious l y rn - - ported avoidance behavior at average ab-
118 — 11 9 ; 1976 . sorbed dose rates of 25 and 45 “‘n-.i/q. S i g n i f i c a n t

oxygen Consumption reduction was also observed at 5
It has been ~h’uv.n that an early response to the  i fl ” and 10 mW/g, even thoug h avoi dance was not observed
-I ,, u n - ion of ur n - u n - r’)a.n-.c- cataracts in rabbit - , has been ,it these average absorbed dose rates and environ—
a - “ n - nu n - , ’ in n -h e s-u ’. ‘nrn - nic acid content of the lens. rt en ta l temperature. It is c ’un - n - c luded that the an i ma l
Wn- - . -tfn - en n - hi; neductin n -n continues to occur beyond homr’n-costatic mechani sm balances the total heat load
th i n -  ru -n - a - u r n -c-I and vuI n - r ’t l’n-er repetitive subthreshold to the organis m by reduc i ng its total metabolic heat
exposures an - n - I l  -v u nk , ’ a sn - mu lar ne’, n - u u n t n ’ . n -  was Invest u — rate to s-’n- u ’ - n- i n n-’ oy,’i n - u’ for smal l  hea t load increases
‘n - n - t e d . The ri ghn - eyes of New Zealand wh i te rabbits due to microwave radi ation . (No rn -’f s . )
~ u ’rn- i exposed 2 inche s from the crossover of a direct
curre nt antenna to a power I- ’n ci ty of 500 n-n - u k/s -n - n ’- fan
-~ n-mu i r’ . C a t a r - i c t  1 n - n rn - n -n - .n -t H- u n - resu lted after a latent
peni i-i n - n i  3-7 days . At various intervals after cx- 5023 EFFECT OF 3 GHz MICROWAVES ON EXPERIMENTAL
n-i n- s ure (5 u n - n - in , 1/2 n - m n , 12 hr , 18 un , I wk , 2 wk , and VIRAL IN I’ECT IONS IN MICE (HERPES . V A C C I N I A )
n- . ~~

) n- ,u n-~~n- the night and left eye- s were re-n-un-eyed, and (“ lEt TING ABSTRACT). (t n - u n - .) S zmi g ie ls ki , S .; L uczak ,
a.. - r h i c ac id wa n- ‘i’.’i-n - yu ’n - i in the aqueous , vi treous , H.: Jania ln - , M , ; k -In-cm’ , . , k,n-ck m,n - n - ck a , B . , ’’:: ‘n-” —

n- un - I lens.  In n- n ”,ne ‘ , n - n i  cur’ i r r,,nl i a n - e d  cs-n -nt ro I an i nn-na Is “ - n - - n - m n - ’  •
“

, 
‘ a- - n-’. ‘‘ ‘ n - s -n - n - n - n - - : , ’ n - -  ‘ n - u n - n -  ‘ “ It :, ,~ n- ‘.

n - u n - - n ’ -  assayed i n - u I  I i n - u u n g  m I ,n - ’  yarn-c n n - ’ , .,n - u lur,’ - The .u n - u n - i u ’ —  n - n -n- ‘ s - - n  2 ’ n - s -n - n - ‘ 0,’’ ‘ n- n- ( t o  - ‘ ‘ “ ‘ ‘ - -‘u - ‘ ci -n - n- ‘ n - n - ’ ‘“:“ n - ’ - in’—
ous - , n - n - n n - r  ‘,l’, ’ n I an Hun -n-n-- n J n-~ i n . decrease in ,m ’ , n- , n- ‘ “ I n - I c  it ’ ’ ; ’ ’ ’  :.‘,‘ - ‘n - ,, ‘ ‘ ,‘ , ,n-” - , “- ‘7 , n - ( : n - n - .’ : 0:-n- n -’.’ n - r n -n- , 2 - —15

- ‘ n - un - i - i  l e ve ls  in i n - - s- m n - l i  n - t e d ‘- n-n - un - - s , con t Inu ing up n - ui I ‘ ‘ n- n- )‘n ’ t - , It’ n ’, i n ’n - N( / n- n - P ’, I - W ,i’,ln - i n q t o n  , D .C.) n- 1 1 7 ;
win- “ n - ’, ’ r m ,in- n- ,,t ion . An - 2 n-.1. , valu es n - - n - u r n - ’  normal - I “176 .
An - n -  - r n - i c  n - n - id level ; in n- lie len’, “n rn - ’ .,’,u ’-I  at a
S n- ,  r n - n - , -  and d id  n m - n - n - reach the low l c ’v e l s  In the 1’. n- ud y the - e 1’

~ ’ n- of microw,’uves on experimental
. n - ’ n- i u - n n - J ’ , ‘ n - - n - n -  again u n - n - n - n - n - - l u ’’ a’ 2 ‘n-i’ to norma l va l ues, v i r a l  i n l , - m , t ions , a s e r i e s  of e x p e r i m e n t s  was n -n - e r-
i’ s - s - u t  IC r esu I n- - , wn-’ r u  ‘n - I -n - al rn-ed I m r  s - I , , -. v i  I r ,’in-us hurusn-r . formed in mice in - u f u n -  t n - u i  i_n- i n-h v iruses (Herpes or
A l I ~~ I n - u- ” f i r  urn- i “ r a n l l  at.’,t ,‘y u’ ’ ,, inc I n,, 1 i ng contro ls V u s -  u n i a) unde r - n - n u n - n - u n - n - I  In -’~I c ondi t ions and i r r a d i a ted
in,] le ft ,‘ n- un- ’s n - n - f  ar,i ’s-n-als , ~howt d ‘u ’ , ru u u ,i l l e v e l s ,  A- ,- w i t h  3 GHz n-’ n -k u - ,m v ,n -n-’u’ . (an-n-echoic chamber , far f i e l d
u u, r ’- i -,_ aci n- f w as al sum asc~ayed In n- n- n- ,~~n- i n- n I  “v. ’ ’ , 1 cuind n- n ’ m u ’u ’., n- , n -’n- ‘ n - n - W / n- u ’ . 2 hr da i I ‘n- i , I nrad i a t ion wa s

~~~~
n- 

n - - n - ’ ‘ - t s  exposed to rn - n - us - n- i n - i n-,’ cii-,, n- dur n-u t i n- n’ n- n- I n - m , ’ n  i n - m s - u s - n - ed dur iri g different per un - ’ ) .. (2—14 days) before

• 
m n - c r- n - , . n- ye radian - in - in - T i n - . -  an ‘n- a Is n - n - r u - n- u’ r i f  i ced , a un-d /mn - r  a f t e r  i n f e c t  ion w i n - I ,  vi ruse’, - I r ra d ia t ion( n -n ’s -’ s -fn -~ lens,’ ’, assaye-1 I n--n-k n - u n - n - i  m u  - m s - f i n - n -  ion because u n - m u m , ’ v I r a l  ln fei n - i n n - n  d id  no t cha nge the course of
,,‘, ‘ “rPu i~ aci d levels are at t u u ’ I r  lowest vn-, l n - i ” at n-I i ’,eas,’, as measured by n - u n - u n - n - n - u  of typical lesions

‘n -  ‘ n - u ‘ , -  i n - u  ‘ n- n- , , .1”” - 1  an - n - un - ‘-  I y “ n - u n  ‘ed an i ma Is - urn n - u I C v n - n - c  n - i n  .1) or surviva l rate and occur r n - un - u,,’

N ’- l ower I nun - “n-f ,~ ‘, s - , n - r  bi c ac i i  I i’ve Is in  n - ’ ’ ’ eyes ‘ n- ‘ m I  ‘ - ‘ ~m,,’p f n - .n -  i n - I s  ( her- ,,’’, ) . I m a d  I n - t i ’ , ’ ,  a f t e r  v i r a l
‘ n - u . ’ ’ , .’ animals was ih’,n rved - The results ‘ ‘i ’ m-n -’ ’’. t th at i n - t i  ‘ n- I io n result ‘ n- I i n  S t  rend inhibitio n of’ rep l i i a-
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f i m . / u u u j . u n- I fI,u, n - s Nonionw,mnq in-’. uuu ... n - ,qnu .’um .
CURRENT LIT ERAT URE Ró,I,atuo,i n - id ’ J,,ne’ t’i//

n - i o n  s-n -f i n f e c t i v e  virus particles and lowering of 8 cm of the i n t e s t i n e . The prepara t ion  was suspended
numuter ‘m ~ n - . n -’ ’ cal lesions on tail (un-accini a) . In in Isotherma l , ae ra ted , ,mdifled Rin ger ’s solu tion.
mice nt,’ , t e l  with herpes viruses , survival in groups Microwave radiation was app l ied w i t h  a pa r a l l e l  peak
irradia ted with micr owaves was bi n -n -N u n  compared with capacitor type Irradiator . The dose nate was calcu-
c o n n - r m u l s ;  t h s -  occurrence nf . ‘ nn - ,’~’h.’ n - I i t i s  was s ign i f -  la ted  from temperature measurements made w i t h  the
icant l y lower Th~ best re s ult s n- . rc obtained in li quid crystal optical f i b e r  temperature probe . It
in- u - ‘ n - n - i s irradiated dur i ng the i n - rn - n - 3 days after In- has been shown that similar r n - n - d iat i on applied to
fec’ion (period n i varem ia); irradiation during isolated turtle and rat hearts causes bradycardia.
later phases of the disease was less effective . These effects are thought to be neurall y mediated by
I N -  re f...) the release of transmitter substances from the auto-

nomic nervous system. Generall y these e f f e c t s can
be mms d i f led by the addition of drugs effective an-
synapses within the auton omnn-ic nervous System. In

5~ n- 4 E NHANCED CYTC’TOX IC EFFECT OF’ 3 GHz MICRO— the heart , sympathetic and parasympathetic effects
WAVES FOR CELLS TREATED WITH MEMBRANE- can be separated by the app l i c a t ion of drugs , which

n- N J n - I N C  SUBSTANCES (MEETING ABSTRACT) . (E n - n - n - n - . )  s e l e c t i v e ly block these two divisions of the auto-
S.n- nnn- i qi elsl ’ i , S. , Jan ia k , M ; Kobus . H , ,‘u:: n- ” ’ ’ ’  I- nomic nervous system. Exper i ments to determine if

n-he ?in- ”” n - ’ , ’ n - n - . : “n- ‘:‘n-g “ ‘in - “-‘ . n -” n - - n -’ n-’- n-na ’ sim i lar dr ug trea tment can be used to identif y neural
‘ n- - .0 ~’ ,n- ,n -~~n-’ sn- :’~’n ‘, H -n-id - z ’ ‘ j ,. r:n - n -~. rcn-~~z~ oP e f f e c t s  in the gut are in progress. (No ref’s.)
n-t n- ,’, - n- “ , n - n - ’, n - n - ,’, ~~~~~~~~ , ‘.Izn - m , ,:n- ’n- t ,n- n- ’, - ‘o , iJ ~~lil n- ’ n - s - n!,’r ,
:n- -”~

’. C’SNC /URSI , n - W ,,’, n - n - i n n - n - n - ’ m r n, D . C . ) :  116 ;  1976 .
5026 EFFECTS OF R.ADIOF REQUENCY RADIATION ON

Tim inv ” n -, ti gan-e the , ‘nha n’s- u” l  c- n- t o n - n - n - i c  effect of mi PERIPHERAL VASCULAR PERMEABILITY (MEETING
.nowaves on cells treated n-s- n- i n - h memb rane-injur i ng ABSTRACT) . (Eng.) Liburdy, R. P
substances , cells were trea t -U with subcyn - n - toxic n-~

’ ti n -n - ’ IU” u’ -I un - u :n - n -~~t m’.ieatinq n - n -’ n-O n- - ‘
~‘‘ - -u ’s-:n - ” ‘ n - n - n - S - n -  n- rn-

~‘-‘-n - resulting i n detectable increase of number of ~,
‘

n-a R n - - i t s - n -  ‘ ‘n- u n - n - ’,-’ H n - ’ ! i  n - i t  n-u ’ ~~~~~~~~~~~ . n- ” f:,’.- n - :~~ n - n -~dead cells stained with supnav ita l d yes) concentra- nn- ,’t’ n--n- , ,1”n- in -u n - n - n -’, ‘Sn-~~n - u u . ;: u n- , -~~n- u 11—15 n - n - .~,’(,’r’, ,n- ,;’,n-
tion s of hi ghly purified enzyme s that injure cell IJSNCIURS I. (Washington , D .C.): 117 ; 1976 .
membranes—bacterial phosp fn-u ’- I i pases (staph y lococca l
sph u ngomy elinase and phosopho lipase C from - ‘ , n - n - n -- i n - r : i -  The e f fec t s of nad of re quency rad ia t ion on absor pt ion
“ne’ :uer’ ”n-’°n-q.’rn-n - n - ) .  D ig i tonine in c o n c e n t r a t i o n  lO~~ M of sheep red blood c e l l s  (SRBC) in unsens i t iz ed
was used as control membrane-injuring substance (in Sprague-Dawley rats were investi gated . Radiofnequency
hi bit ion of n-odium pump and Na-K-activated tCl-Pase) . radiation (26 MHz , 2000 mm*1/cm2 , causing a I .5~ C in-
Tn-n-n experiments were performe d on e s t a b l i shed ce l l  c rease in r e c t a l  temperature)  was a d m i n i s t e r e d  for
culn - n - n - n e c  (WISH and FL h un - n- ’ . .)  in the stationary phase ID m m on six successive days to three groups of ten
if growth ( n -n- P hr after passage) . Control cells and test animals. On day six , 4 hr postexposure , SRBC
ce lls  treated w ith the membrane-injuring substances a t lO~ cells in 50 uI were injected subcutaneousl y
were i r r a d i a t e d  w i t h  3 GHZ microwaves (anechoic into the hind footpad of each animal - Breadth rn-f
cham ber , far field condi tions , sing le sess ion of the foot pad was determined by micrometer before in-
irradiation lasting I hn) an - nonthenmal (5 mW/cm2), jec tion and 4 hr post injection. Radiofre quency
subt henmrn-a l (20 -‘mW / c- n-s-n- ’ I , or thermal (40 mW/cm 2) field treated animals showed decreased footpad enlargement
power densi t i es . V i a b i l i t y  of n -he cells , their of 47,5% (O.O5’mp<O.l) and 36.8 (O.05’p’n-O,I) over
rmsn -rpho l ogy, n- s well as incorporation nate 0f n- H- that observed In sham exposed or warm air stressed
th ymi dine , ‘ I-I-un - f i n e , and H-g l y ci ne and inn -macel- a n ima l s , respectively. Microscopic hi stoexamination
l ulan level of cycl ic adenosine monophosphate were indicated that SRBC evoked a mil d  localized inf lam-
observed . It was found tha n- treatment of cell cul’ mnatory r e a c t i o n  in a l l  animals. These results sug’
tunes wit h subc y totn -n -is ic coacent rn - n - n- ions of the mem- gest  tha t radiofrequency radiation may be associated
bna n e -in jun imn -g enzymes and di g i t - i n n - inc markedl y en- wi th increased vascular permeability oven that due
hanced t in -n- n- n - ’ n-,i fn- ,- ,l Ic I n hibitor- n - effect of microwaves to frank therm ogenic Stress. (No refs .)
at subtiun-’ r n-’sa l and tf ’n - . s - ’ n n -,n - I n - un -n- .” r densities, (No refs,)

5027 FREE WATER AND THE MICROWAVE CON DUCTIVITY
¶,‘2 ~ E FFECTS OF 960 t’w~z MICROWAVE ON ISOLATED OF TISSUE (MEETING ABSTRACT) - ( E n g . )

‘ GUT ‘~E fn-MENT’ (MEETING ABSTRACT) . (Eng.) Schwan , H . P.; Foster , K. R . hum : n- n - - n - . - n - n - ,

MC A n t h uj r , G . R ., Lords , J , L - , Durney, C. H. In: l.9,’nn- n- u n - u ,- , n- ‘‘i” t n - s - n - n - n - n -f ’ tO. ’ i’n- . ’,’rs - n- , : I :’n- n - ’ :- : , ’ u :’ ‘n-
n-n- , - n - n - n - n -n- ’ ‘~ i , , n- ft,-n- , ting - n- t in-’’ ~rn -~~,’n’ — I’ :-t : ’ o R ’tu ’’n, •, ‘(m ’ ‘ n - n -  :‘ ‘ O !Nn - in -’,’n-’n-n- ’ In-n - if’ •P:. . : On -n - n - n - on -  In- n- ,

- -n- ‘ n - n -  n- un - - ‘ s - n - - n-” Radj c, -
n- ‘ ‘n -’ a-. ‘, - On - n - n - i  n - n - ‘ in- . , n- un- tn-,. .p— A,s-nhe- r ‘ ‘ , ,1/n - n - u n - t n- ‘in- ‘in-n -i ’ n--n- , in - . ’Itn - - • n- un- , n-’, n- n- n - ’  . US NC -

B i n - n -n - n-n-f ’ “t n - s -u ’: “ nor . I’ ’, A ”: n- n - . z ’ . ’’ , ‘-n - ’ , ’. ’ n- ‘ n - ,, ’. ‘‘ , - , URS I . (Washington , D.C .): hIS; 1976 ,
- ‘ ‘ - ‘ / ‘ “, 1976, USNC/URS I . (Wash i ngton , D .C.): 11 5;
1976 . Precision dielec tric measurement s on muscle tisSuC

at frequencies of 0.1 and 10 GHz are reviewed . Over
Li Low level  cont i nuous wave , 960 MHz r a d i a t i o n  of th is  fre quency range , the tissue conductivity can be

is olated segments of ran- gut causn- ’. an Increase I n adequately represented by the sum of a Deb ye relaxa-
the act i v i t y  of the gut preparation. A stra in gauge tion functIon and a constant term accounting fo r the
presSure transdu cer was used to mo nin -u ,r the wave electrolyte content of the tIssue , The charactenis-

.rsn-.~ fun - r’nn u, in a cannula ted section iii nat  gut c o m p r i s i n g  t i c  f requency  of the Debye r e l a x at i o n  is 20 GHz , the
n- h,’ pe,Ior i~ region of the stomach and the f i r s t  6 to same as for pure w a t e r ;  i t s  amp li tude is con s i s ten t
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w i t h  the known water content of the tissue , These quencies. Second , while a relative l y few “bound”
observations support two important conclusions. or motiona h l y restricted water molecules are present
F i r s t , the microwave dielectri c proper t ies  of t Issue In the t issue , the resul ts Indicate that they play
can be adequately pred ic ted  from measurement s near no major role In the absorption of microwave energy
100 I*$ z and from the known d ielectric properties of by the tIssue. It Is conc l uded that the dielec tric
wa ter. From an electric point of view , the tissue data contradIct the hypothesis that most of the tis-
can be approximated by a suspension of nonconducting sue water has mno tlona l proper t ies si gnifican tl y
proteins in an electrolyte solution at these fne— different from those in bulk water . (No refs.)
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